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Section 1

Introduction

This Feasibility Study (FS) report for the FMC Subarea of the Eastern Michaud Flats (EMF)
Superfund Site has been prepared by FMC Corporation (FMC) in accordance with the
requirements of the Administrative Order on Consent (AOC) for Remedial
Investigation/Feasibility Study (RI/FSj at the Eastern Michaud Flats (EMF) Site, issued by the
U.S. Environmental Protection Agency (EPA) on May 30, 1991 and entered into voluntarily by
FMC Corporation and J.R. Simplot Company (Simplot). The site includes two operating
industrial facilities which process phosphate ore into a variety of products.

The Remedial Investigation (RI) and Baseline Risk Assessment (BRA) have been completed for
the site. The BRA was prepared by EPA and a draft final report was provided to FMC and
Simplot (the Companies) on August 17, 1995. The draft RI report was submitted to EPA on
September 27, 1995.

For the purposes of the feasibility study, the EMF Site was divided into three subareas:

• FMC Subarea
• Simplot Subarea
• Offsite Subarea

The FMC and Simplot subareas are comprised of the respective EMF facilities and adjacent
property owned by each company. The Offsite Subarea is the area surrounding the FMC and
Simplot subareas. The FS report has therefore been divided into three separate and self-
contained volumes, one for each subarea. The three volumes in total represent the FS report for
the EMF site. This volume is the FS report for the FMC Subarea.

The AOC required four FS interim deliverables: the Identification of Candidate Technologies
Memorandum, the Remedial Action Objectives (RAO) memorandum, the Development and
Preliminary Screening of Remedial Alternatives (DPSRA) memorandum and the Report on
Comparative Analysis (RCA). The Identification of Candidate Technologies Memorandum was
submitted to the EPA on January 23, 1993. The draft RAO memorandum (Section 3 of this
report) was submitted to EPA on September 14, 1995. This submittal also included preliminary
draft FS report Sections 1 and 2, which provided the supporting information for the RAOs. The
draft DPSRA memorandum (Sections 4 through 6 of the draft FS report) was submitted to EPA
on October 26, 1995. The RAO and DPSRA memorandums (Sections 1 through 6 of the
FS report) were modified, based on EPA comments, and resubmitted on , 1996.
Written EPA approval of this deliverable was received on , 1996. The final
interim deliverable is the Report on Comparative Analysis, which is included as Sections 7 and 8
of this report. This FS report is the final deliverable required under the AOC.
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FMC Subarea Section 1 Introduction

1.1 PROJECT REPORTING HISTORY

The relevant project documents which preceded this document and upon which the findings of
this document are based, are as follows:

• Identification of Candidate Technologies Memorandum

The Identification of Candidate Technologies Memorandum was prepared as part of the
project scoping process. The first draft of this memorandum was submitted to EPA in
August 1992 and, after a review/comment period, the final memorandum was submitted in
January 1993 and subsequently approved by the Agency hi March 1993.

The purpose of the Identification of Candidate Technologies Memorandum was to identify
technologies that may be appropriate for remediation at the EMF Site on the basis of existing
site data and to determine what additional data were required to more fully evaluate and
screen the identified potential technologies. The general approach taken was to initially
evaluate historical data in order to identify constituents of potential concern (COPCs) for
each environmental medium. Waste streams and potential source areas were then identified
for each affected environmental medium and affected areas and volumes were estimated. As
noted previously, based on the findings of these evaluations, preliminary RAOs were
identified. The RAOs and a preliminary list of Applicable or Relevant and Appropriate
Requirements (ARARs) were used to develop General Response Actions (GRAs) for each
environmental medium. A wide range of potential remedial technologies were then screened
against each GRA to eliminate those that would not be effective or could not be implemented
at the site. Finally, potential general Remedial Alternatives were identified for each affected
environmental medium.

• Preliminary Site Characterization Summary Report

The initial phase of the RI was to conduct a site characterization, to collect and document
adequate data to evaluate areas of the site which might pose a threat to human health or the
environment The characterization investigation included collection of data on the physical
aspects of the site, such as the physiography, geology and hydrology, and data on sources of
constituents of potential concern and the nature and extent of these constituents in
environmental media. The Preliminary Site Characterization Summary (PSCS) report
(Bechtel, 1994), which was submitted to EPA in January 1994, served to guide additional RI
investigations and also served as the basis for development of the RI report.
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• Baseline Risk Assessment

As set forth in the AOC, EPA performed a Baseline Risk Assessment (BRA) for both human
health and ecological risks, which was received by the Companies in draft form on August
17, 1995. The goals of the BRA were to identify and characterize the toxicity and levels of
hazardous substances in various environmental media, the potential for human and/or
environmental exposure, and the risk of potential impacts on or threats to human health and
the environment from the EMF Site. The BRA indicates that due to the actual and potential
releases and threats of releases of constituents of potential concern at this site, the cumulative
site risk to an individual, estimated using EPA's reasonable maximum exposure assumptions
for current and future land use, exceeds the upper bound of the 10"4 to 10"* excess lifetime
cancer risk range. In addition, incremental hazard quotients for noncarcinogenic effects were
estimated; some estimated hazard quotients exceeded 1.0.

• Remedial Investigation Report

The RI report was an expansion of the PSCS report (Bechtel, 1994) and described the results
of activities to characterize the site. The RI report identified sources of constituents of
potential concern, the nature and extent of these constituents, and the fate and transport of
constituents of potential concern. The draft RI report was submitted to EPA on September
27, 1995. Based on written comment received from EPA, certain portions of the draft report
were modified and resubmitted. The final RI report was approved by EPA on , 1996.
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FMC Subarea Section 1 Introduction

1.2 REGIONAL SETTING

This section describes the regional physical setting of the area. Information presented here is
derived primarily from data gathered as part of the RI. In addition, a significant body of
previously completed work exists that describes specific aspects of the geologic, hydrogeologic,
hydrologic, land use, and ecological characteristics of the EMF Site and surrounding areas.

The EMF Site is located at the base of the northern slope of the Bannock Range, where it merges
with the Snake River Plain (Figure 1.2-1). Approximately 2,475 acres of the site consists of
land occupied by the FMC and Simplot phosphate ore processing facilities. Approximately
1,450 acres are associated with FMC operations and approximately 1,025 are associated with the
Simplot Don Plant. The southern part of these facilities extend into the foothills of the Bannock
Range.

The northern parts of the EMF facilities are located at the southeastern edge of the Michaud
Flats. The eastern boundary of the facilities is approximately 2.5 miles (4 km) northwest of
Pocatello, Idaho. The nearest residences are in an unincorporated area around Chubbuck Road,
approximately one mile (1.6 km) northeast of the EMF facilities.

As discussed in detail in Section 1.5, for the purposes of the FS, the site has been divided into
three Subareas:

• FMC Subarea
• Simplot Subarea
• Offsite Subarea

The EMF Facilities are defined as all those properties and operating facilities owned by FMC
Corporation and the J.R. Simplot Company that are indicated on Figure 1.2-1 as within the
"FMC Subarea" and "Simplot Subarea." These properties were owned by the respective
companies prior to beginning the remedial investigations in 1992, with the exception of the
Batiste Property. This 23-acre (57-hectare) parcel was purchased from the Union Pacific
Railroad by FMC in August 1995.

Within the EMF facilities, the FMC Subarea is defined as all those properties and operating
facilities owned by FMC Corporation, as shown on Figure 1.2-1. The FMC operating facilities
area is defined as those portions of the FMC Subarea located south of Highway 30. This area
includes all ore processing, product and byproduct handling, and byproduct and waste storage
facilities. The northern FMC properties are defined as all adjacent property owned by FMC
which is within the FMC Subarea north of Highway 30. This includes the land recently
purchased by FMC from the Union Pacific Railroad, with Simplot purchasing the water rights.

FS/fmcfsl.doc 1-5 June 1996



Section 1 Introduction FMC Subarea

The Simplot Subarea is defined as all those properties and operating facilities owned by the
J.R Simplot Company, as shown on Figure 1.2-1. The Don Plant area is defined as the portion
of the Simplot Subarea located to the south of the Union Pacific Railroad, which runs parallel to
Highway 30. The Don Plant area includes all ore processing, byproduct and product handling,
and byproduct and waste storage facilities. The northern Simplot properties are defined as all
contiguous property owned by the J.R. Simplot Company north of the Don Plant's northern
fenceline. The northern Simplot properties include ponds used in the treatment of various non-
contact water streams, laboratory wastes and storm water from the Don Plant The Portneuf
River flows through the northeastern portion of the Simplot Subarea, but for the purposes of the
FS is included in the Offsite Subarea,

The Offsite Subarea is the area surrounding the FMC and Simplot subareas and as such the
boundaries are not shown on the figure. Further descriptions of the study area with respect to
the FMC Subarea and the EMF Site are provided in the following text and in Section 2.

Geologic Setting

The EMF Site is located at the juncture between the Basin and Range physiographic province to
the south and the Snake River Plain to the north (Dohrenwend, 1987). The EMF Site is at the
base of the northern slope of the Bannock Range and extends onto the southeastern margin of the
Michaud Flats.

The Michaud Flats are a portion of the Snake River Plain to the north and west of Pocatello,
Idaho. The Michaud Flats is a roughly elliptical area about nine miles (14 km) long and five
miles (8 km) wide, bounded to the west by Bannock Creek, to the north by American Falls
Reservoir, to the east by the Portneuf River, and to the south by the Bannock Range (USGS,
1984).

The stratigraphy of the site area can be generally described as discontinuous layers of
unconsolidated sediments deposited on an erosional surface that was incised in volcanic bedrock.
The sedimentary unit immediately above the bedrock is a gravel derived from volcanic rocks.
Overlying the gravel are varying thicknesses of fine-grained silts, clays, and sands that form a
discontinuous, semi-confining unit The fines are overlain by another coarse-grained unit, called
Michaud Gravel, that consists of quartzite, chert, and volcanic gravels, cobbles, and boulders
(Figure 1.2-2). Above the second gravel unit is a finer-grained unit that consists of interfingered
silts, clays, and sands. In the western part of the EMF Site area, a separate but discontinuous
third coarse-grained layer is present Deposits of windblown silt (loess) and a colluvial silt layer
of variable thickness mantle the study area.
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FMC Subarea Section 1 Introduction

The loess layer ranges from 2 to over 100 feet thick at the EMF facilities, and is calcareous. To
the north and east of the facilities, the Michaud Gravel occurs in scoured channels and the fine-
grained layers present in the western and central areas of the facilities are generally absent to the
east. Surface soils in the EMF Site area are shown in Figure 1.2-3.

Hydrogeology

The Michaud Gravel is a productive aquifer associated with the highly permeable deposits of the
Bonneville Flood. There are numerous agricultural production wells in the Michaud Flats.
These agricultural wells tap into an aquifer that is typically less than 100 feet below ground
surface, with aquifer thicknesses greater than 150 feet. A deep, confined, bedrock aquifer exists
in the Big Hole Basalt beneath the Michaud Flats.

The nature of the aquifer in the Michaud Flats (unconfined versus semiconfined) depends on the
occurrence of fine-grained units within the saturated zone. In some areas, fine-grained units
may act as local aquitards, and, in other areas, the upper aquifer appears to be truly unconfined.
The fine-grained units occur more frequently nearer to the Bannock Range, which is expected
because the Bannock Range is a source of colluvial and alluvial materials deposited onto the
Michaud Flats.

The Portneuf River, which flows along the old track of the Bonneville Flood, is underlain by the
very coarse, permeable Michaud Gravel. The Portneuf River exhibits a transition near the
Interstate 86 (1-86) bridge from a losing stream in its upstream portion to a gaining stream
(Figure 1.2-4). The gaining section of the Portneuf River is associated with numerous springs
and a large flux of groundwater that occurs as base flow.

Surface Water Hydrology

Major surface water features of the region include the Snake River, Portneuf River, and the
American Falls Reservoir (Figure 1.2-4). The reservoir is an impoundment of the Snake and
Portneuf Rivers and Bannock Creek, among others; both rivers discharge into the reservoir at its
east end.

The Portneuf River flows from southeast to northwest through the region and passes northeast of
the Simplot Don Plant. Michaud Creek passes the FMC facility to the west. Surface water in
the EMF Study Area also includes numerous springs and associated spring drainage channels
along the Portneuf River. Locations of these springs are shown in Figure 1.2-1.

The Portneuf River drainage area is approximately 1,250 square miles (3,240 square kilometers).
Upgradient of the EMF facilities, die river flows in a relatively steep valley between the
Pocatello and Bannock Ranges (Figure 1.2-4). Near the EMF Site, the river emerges onto the
Michaud Flats along the base of the Bannock Range. The river runs across the flats incised to a
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Section 1 Introduction FMCSubarea

depth ranging from 20 to 40 feet, forming a shallow, flat-bottomed flood plain that widens from
about 0.5 mile (0.8 km) at the Bannock Range to over 1.5 miles (2.4 km) near the reservoir. At
the reservoir, the broad flat-bottomed area is called the Fort Hall Bottoms.

Climate

The EMF region climate is semi-arid, characterized by a wide range of temperatures. The
warmest temperatures generally occur from June through August (daily mean maximum
temperature 84.1°F), and the coldest temperatures occur from December through February (daily
mean minimum temperature of 17.8°F) (NOAA, 1989). The highest and lowest temperatures
recorded at the Pocatello Municipal Airport were 104°F in August 1969 and minus 33°F in
February 1985, respectively.

The annual mean precipitation for the region is 10.86 inches per year, with the greatest amount
of precipitation occurring during the spring. The mean evaporation is 29.76 inches for the
3-month summer period and 3.36 inches for the winter months. The area! and seasonal
distribution of precipitation also influences hydrogeologic characteristics. Precipitation patterns
in this region are strongly linked to topography, with larger amounts of snow and overall
precipitation falling at higher elevations. The higher elevations (i.e., the Bannock Range and
Pocatello Range) serve as recharge areas for aquifers in the valleys.

Prevailing winds are westerly for the region. The predominant wind direction is from the
southwest Localized topography (Bannock Range) influences wind direction in the vicinity of
the facilities (e.g., valley flow).

Land Use and Ecology

Land use within the EMF region includes urban (parts of Chubbuck and western Pocatello) and
agricultural areas, as well as rangeland within the Fort Hall Indian Reservation and Bureau of
Land Management (BLM) lands. Zoning within the area is shown on Figure 1.2-5.

Major terrestrial vegetation cover types and wildlife habitats in the Offsite Subarea include
agriculture (40 percent), sagebrush steppe (37 percent), and wetland/riparian (3 percent). The
remainder (20 percent) is in residential, industrial, or commercial development (Figure 1.2-6).

The EMF facilities are approximately five miles (8 km) southeast of the American Falls
Reservoir, and about four miles (6.4 km) south of the riparian/wetland dominated floodplains at
the mouths of the Portneuf and Snake rivers (Fort Hall Bottoms). The Portneuf River and
associated riparian zone is the major aquatic ecosystem in the region. No critical habitat of
threatened or endangered plant or animal species is known to occur in the EMF Site area.
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FMC Subarea Section 1 Introduction

1.3 DESCRIPTION OF FMC SUBAREA AND FMC FACILITY OPERATIONS

The FMC Subarea, totaling 1,450 acres, consists of the FMC Corporation Elemental Phosphorus
Plant (FMC plant) and the adjacent FMC-owned land to the north and northeast. A map
showing the location of the FMC Subarea is provided in Figure 1.3-1. The FMC Subarea is
located approximately 3 miles (4.8 km) northwest of Pocatello, Idaho. The FMC plant adjoins
the western boundary of the J.R. Simplot (Simplot) Don Plant.

A Union Pacific Railroad (UPRR) right-of-way parallels the northern boundary of the FMC
plant. Access to the FMC plant is provided by 1-86 and U.S. Highway 30.

Zoning for the FMC Subarea and adjacent offsite areas is shown in Figure 1.2-4. In April 1995,
FMC filed deed restrictions for all lands within the FMC Subarea which impose land use
controls beyond the zoning requirements on future land owners.

Summary of FMC Operations

The FMC plant produces elemental phosphorus (P4) from phosphate ore. Ore is shipped to the
FMC plant from March through November and stockpiled in two long piles in the northeastern
portion of the facilities. It is reclaimed from these piles, screened, crushed, and then briquetted.
The briquetted ore is heated in a calciner to drive off moisture, remove organic matter, and

harden the briquettes for further processing. Once processed through the calciners, the hardened
briquettes are termed "nodules". The calcining process produces an off-gas stream which is
passed through a series of wet scrubbers.

Calcined nodules are blended with coke and silica in the proportioning building to form a
mixture referred to as "burden", and fed into the electric arc furnaces. The ore is reduced to
produce elemental phosphorus in vapor form. Elemental phosphorus is recovered by water spray
condensers, collected as a liquid in sumps, and pumped to the product storage area (phos dock)
for shipment or into tanks for interim storage. Byproducts produced are slag (primarily calcium
silicate), ferrophos (predominantly an iron phosphorus alloy), and carbon monoxide (CO).
Figure 1.3-2 is a plant site map showing major plant facilities. A diagram of plant processes is
provided in Figure 1.3-3.

Slag is tapped, cooled, and stockpiled. Ferrophos is tapped, cooled in molds, and sold as a
commercial product. The tapping operation is conducted under a hood to collect fumes
generated during the process. These fumes pass through primary and secondary scrubbers at
each furnace. Carbon monoxide (CO) is used for calciner fuel, with the excess flared.
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Wastewater from the calciner scrubbers is treated and sent to lined settling ponds and recycled.
Wastewater from the precipitator slurry (slurried solids from the furnace electrostatic
precipitators) is also recovered and recycled to the plant. Precipitator slurry is sent to lined
ponds. Wastewater from product recovery and other water that has come in contact with the
product (termed "phossy water") is sent to a series of lined ponds for sedimentation, with the
water recovered and recycled.

Although basic production of phosphorus has not changed since the operation began in 1949,
many technological and other refinements have been made to improve both the production
efficiency and reduce emissions from the process.

In the past year, operations have ceased at the Bannock Paving Company's area within the
northwestern portion of the FMC Subarea (Figure 1.3-2).
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1.4 SUMMARY OF REMEDIAL INVESTIGATIONS FOR THE EMF SITE

This section presents a summary of the programs conducted during the RI to characterize the
environmental media and ecology of the EMF Study Area. The list of analytes for each medium
was selected based on characteristics of the phosphate ore and other raw materials used by the
EMF facilities, historical data for certain waste streams, and the preliminary list of constituents
provided by the EPA in its Data Needs Document (Ecology & Environment, Inc., 1991).

1.4.1 Potential Source Materials and Facilities Soil Investigation

The objectives of the potential source material and facilities soil investigation were:

• To examine the nature of constituents present in feedstocks, byproducts, and wastes from the
EMF facilities processes, and to identify any distinctive patterns in the constituent content of
these materials that would allow them to be readily differentiated from each other; and

• To evaluate whether units used to store, transport, or dispose of these materials have affected
soil in the vicinity of the units, and, if so, to identify the vertical and horizontal extent of any
effects.

The main activities of the investigation were:

• Sampling and analysis of the feedstocks, byproducts, and wastes for each EMF facility.
Potential source materials sampled at FMC were phosphate ore, slag, ferrophos, railroad
swale sediment, IWW ditch sediment, sediment from active ponds, water in the railroad
swale, wastewater, phossy water and precipitator slurry discharged to the ponds, and the
IWW discharge to the Portneuf River. At Simplot, potential source materials sampled were
phosphate ore, gypsum slurry, water treatment ponds water and sediment, East Overflow
Pond water and sediment, and water discharged for irrigation.

• Sampling and analysis of soil from within the EMF facilities boundaries. Samples of soil
were collected from areas of exposed soil and from the upper soil horizon beneath asphalt
and concrete pads, gravel, waste piles, and road base. Shallow soil samples were collected
from the surface to approximately one foot depth and at a depth of two feet below soil
surface, if possible, at a total of 96 locations in the FMC facility and 87 locations in the
Simplot Don Plant. At these same locations, deeper borings were drilled in areas where the
potential for subsurface migration was believed to exist, and samples were typically collected
at ten-foot intervals. Borings were advanced to a depth of ten feet at 34 locations in the
FMC facility and 1.9 locations in the Simplot Don Plant, to a depth of 50 feet at 25 locations
in the FMC facility and 6 locations in the Simplot Don Plant and to groundwater (varying
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depths) at 16 locations in the FMC facility and 19 locations in the Simplot Don Plant. The
locations of all soil borings are shown on Figure 1.4-1.

The investigation successfully characterized the key constituents of the potential source
materials, identified areas where potential source materials have been used as fill in both
facilities, and quantified the constituent concentrations in soils underlying these areas.

1.4.2 Offsite Soil Investigation

The objectives of the surface soil investigation in the offsite area were to:

• Quantify current levels of constituents over a broad area of surface soils in the vicinity of the
EMF facilities;

• Identify trends, if any, in surface soil concentrations related to soil associations and distance
from the EMF facilities;

• Provide sufficient data to characterize concentrations of constituents in unaffected soils; and

• Assess the degree to which air emissions from the EMF facilities may have affected
concentrations of certain constituents in soil in the area.

Sixteen equally spaced transects were extended from a center point located at the northern end of
the fenceline between the FMC and Simplot facilities. Sample locations were then selected
along the transects in a pattern whereby the intervals between the sampling points increased with
distance from the center point. Four sampling locations were identified at regular intervals
within the first mile (1.6 km), three locations within the second mile (3.2 km), and two locations
within the third mile (4.8 km). This distribution pattern was based on previous studies in the
vicinity, which indicated that the highest levels of metals and fluoride had been found in soils
and vegetation within one mile (1.6 km) of the EMF facilities (USGS, 1977; J.R. Simplot,
1990). Specific aspects of the sampling program were:

• Collection and analysis of soil samples from 114 locations (Phase I) in the EMF Study Area,
outside the boundaries of the EMF facilities, at the surface (zero to two inches) and at depths
of 2 to 2.5 feet

• Collection and analysis of soil samples from the same sample depths at 22 additional
locations (Phase II) in order to (1) further delineate the distribution of constituents of
potential concern in soil immediately north of the EMF facilities; (2) increase the sample
location density southwest (predominantly upwind) of the EMF facilities; and (3) resample
specific locations for which Phase I data were anomalous.
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The sampling locations are shown on Figure 1.4-2. The sampling program successfully
characterized the extent of EMF-related constituents in offsite soils.

Based on the results of this investigation, constituent levels above which soil may be identified
as potentially affected by EMF operations were defined by EPA for the study area. These levels,
termed "background" levels, are shown in Table 1.4-1. EPA background levels were developed
from a statistical analysis of a subset of the subsurface soil data. The background level was
defined as the 95th percentile of the dataset (EPA, 1995). These levels derived by the EPA are
useful for evaluation of areas where soil constituent concentrations may have been affected by
releases from the EMF facilities. However, it is important to note that the levels may not fully
account for natural variations due to different soil types, the effects of other sources, and the
differences between the surface and subsurface soil environment.

The subsurface data were screened to eliminate "high outliers" (EPA, 1993). These included
both locations near the facilities, which were considered to have the possibility of site-related
contamination, and also "areas away from the site that did not appear to be related to the site, but
were not characteristic of the area as a whole" (EPA, 1993). The "high outliers" not related to
the site indicate that the calculated background levels may not fully account for levels of
constituents unaffected by the EMF facilities, including natural variations in background levels
and soils affected by other sources. Natural windblown deposition of materials from the
surrounding area is the source of the loess which dominates the stratigraphy of the upper soil
layers in the vicinity of the facilities. Natural variations in background concentrations are
expected because of the variety of soils found in the study area. In addition, the surface soils in
the area have been enriched from a variety of land use practices unrelated to the EMF facilities,
such as irrigation, application of soil amendments during agricultural use, and vehicle exhaust.
Finally, the use of subsurface data may also lead to estimation of different background levels for
certain constituents than would apply to surface soils. The physiochemical environment in
surface soils is different than subsurface soils due to the higher organic content and increased
biological activity. The difference in background levels in surface and subsurface soils is
illustrated by the data generated for manganese (see Offsite Subarea Feasibility Study Report,
Table 2.3-12 and Figure 2.3-6). Manganese concentrations in surface soils are higher than in
subsurface soils; however, no EMF source of manganese has been indicated. Manganese occurs
above the EPA-derived background level throughout the study area, but most consistently in the
Bannock Hills, which is underlain by volcanic rock. These data demonstrate the effect of
different soil types and of surface conditions on constituent background concentrations.

Therefore, although these levels are termed "background" in this document, it is recognized that
for some constituents they may not account for certain natural and anthropogenic influences,
which will be considered in the feasibility study process.
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1.4.3 Hydrogeologic and Geologic Subsurface Investigations

The objectives of the geologic/hydrogeologic and geologic subsurface investigations were to:

• Characterize the geologic/hydrogeologic conditions beneath the site; and

• Characterize the nature and extent of the EMF facility-related constituents in groundwater.

The investigations were conducted in three phases from 1992 to 1994. The principal activities
conducted were:

• Drilling and logging of 83 borings.

• Installation of 77 monitoring wells, one piezometer, and one nested piezometer.

• Laboratory testing of 58 soil samples from 17 borings.

• Slug testing in 63 wells.

• Five aquifer pumping tests.

• Downhole geophysical logging (gamma and temperature) in 34 wells.

• Quarterly collection of groundwater samples from Phase I and selected pre-Phase I wells
from April 1992 through April 1993.

• Collection of groundwater samples from pre-Phase I, Phase I, and Phase n wells during
June, September, and December 1993 sampling events.

• Grouting (plugging) and abandonment of seven existing wells.

• Collection and analysis of groundwater samples from 12 wells for speciation of radiological
isotopes during the March 1994 sampling event.

• Collection of groundwater samples from the reduced CERCLA monitoring network and
three Phase HI wells in June and December 1994 (the December 1994 sampling event was
the last one required for the RI).

Other field activities involving soil borings were performed concurrently with the hydrogeologic
investigation. These activities included drilling and backfilling borings to collect soil samples
for physical and chemical analyses, and installing a water production well. The locations of the
groundwater wells sampled in the RI are shown on Figure 1.4-3. The EMF groundwater
monitoring program included a broad list of specific analytes and parameters within the
following general categories: heavy metals, general water quality parameters, nutrients,
radionuclides, volatile organics, and semivolatile organics.
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TABLE 1.4-1
Background Constituent Levels for Site Soils Derived by the EPA

Parameter
Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Calcium
Chromium
Cobalt
Copper
Fluoride
Iron
Lead
Lithium
Magnesium
Manganese
Mercury
Molybdenum
Nickel
Orthophosphate
Total Phosphorus
Potassium '"
Sodium H

Selenium
Silver
Thallium
Vanadium
Zinc

Parameter
Lead-210
Polonium-210
Potassium -40
Uranium-238
Gross Alpha w

Gross Beta'"

Background Levels
(rag/kg)
13,900

2.2
7.7
188
1

12.8
1.9

75,800
27.5
7.6
12.6
600

14,400
29.1
16.1

22,000
482
0.16
2.15
15.5
3.7
672

—
—

1.36
1.9

0.27
45.4
52.8

Background Levels
(mg/kg)

3.03 w

3.58
20.5
3.88
NC
NC

NOTES: (a) No background level calculated by EPA
(b) A value of 6.36 has been recalculated, based on revised data
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The results of the hydrogeologic and geologic subsurface investigation provide sufficient
characterization, for the purposes of the FS, of the conditions beneath the site. Three distinct
hydrogeologic areas were delineated in the RI. Representative levels of constituents were
established for each of the three hydrogeologic areas, and key constituents associated with the
EMF facilities were identified.

1.4.4 Surface Water and Sediment Investigation

Portneuf River

An investigation was conducted on the Portneuf River and associated springs and ponds with the
following primary objectives:

• To assess the nature and extent of any EMF-related effects on the river water and sediment
quality; and

• To evaluate the pathways by which constituents originating from the EMF facilities may be
transported to the river including (1) direct aerial deposition of air emissions, (2) surface
runoff from affected surface soils, (3) discharge of affected groundwater, and (4) direct
discharge (i.e., the FMC IWW ditch outfall).

The principal activities conducted in the program were:

• Collection on a quarterly basis, over a period of one year, of surface water and sediment
samples from a total of 24 locations in the Portneuf River and associated springs and ponds
from upstream of Pocatello to downstream near the American Falls Reservoir.

• Concurrent with sampling, measurement of river water flow rates at five of these sampling
locations, at one distant upstream location (upstream of the City of Pocatello) and at one
distant downstream location (river mile 10, near the American Falls Reservoir) when
weather and river conditions permitted.

• In subsequent phases of the program, additional samples were collected to augment the
existing data with respect to certain constituents, and stream flow rates were measured at
three locations and at two spring discharges.
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The sampling locations are shown on Figure 1.4-4. Sufficient data were collected to
characterize the river and any effects of EMF facility-related releases. The program did not
identify any representative levels for constituents in Portneuf River surface water and sediment
due to varying constituent levels originating from the numerous non-EMF-related inputs to the
river.

Portneuf River Delta Study

After the Portneuf River study found no evidence of effect of EMF facility constituent releases
on the river water and sediment quality, an expanded Delta Study was conducted with the
following primary objectives:

• To determine whether Portneuf River Delta sediment COPC concentrations were
significantly elevated above background levels and levels of ecological concern; and

• To ascertain whether these concentrations, if elevated, represent a risk to receptors in the
aquatic food chain.

The investigation consisted of the following key activities:

• Collection of sediment samples from the Portneuf River delta and Snake River delta from the
river channels and mudflats (ten locations in each river). Samples were analyzed for
reduced list of constituents, compared to the Portneuf River investigation, but were also
analyzed for Acid-Volatile Sulfide (AVS)/Simultaneously Extracted Metals (SEM) and
particle-size distribution.

• Measurement of water flow rates at eight sediment sampling locations in the Portneuf River
delta and at all ten sediment sampling locations in the Snake River delta.

The results of the Delta Study allowed for sufficient comparison of sediment chemistry in the
Portneuf River and the Snake River to evaluate any significant effects of historical releases of
constituents from the EMF facilities on Portneuf River sediment quality, and any potential risk
to aquatic species.

1.4.5 Air Monitoring Program

An extensive air monitoring program was conducted with the following key objectives:

• To characterize constituent concentrations in the study area; and
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• To evaluate the performance of dispersion models used to simulate fate and transport of
emissions from the operating facilities.

Ambient air quality samples were collected at seven sites (Figure 1.4-5), between October 2,
1993 and October 31, 1994. Sites 1, 2, and 7 were located within or near the boundaries of the
FMC and Simplot subareas. Sites 3, 4, and 5 were referred to as "community sites" in the RI
and were located farther from the subarea boundaries. Site 6, identified as the background
location, was located approximately 12 miles (20 km) west-southwest of the facilities in the
prevailing upwind direction. In addition to air quality monitoring, meteorological observations
were also collected at Site 1 in the Simplot Subarea, at Site 7 in the elevated terrain southeast of
the Simplot Subarea, and at the Pocatello Airport.

The ambient air quality sampling program included the following components:

• Samples of paniculate matter of 10 micron diameter, or less (PM10) were collected at all
seven sites, every second calendar day. The PM10 filters were analyzed every fourth calendar
day for aluminum, arsenic, barium, beryllium, cadmium, chromium, manganese, nickel,
phosphorus, selenium, silver, thallium, vanadium, zinc, and for the following radionuclides:
lead-210, polonium-210, thorium-230, thorium-232, radium-226, radium-228, and total
uranium. Routine analysis for aluminum, barium, beryllium, radium-228, selenium, silver,
thallium, thorium-232 was conducted through February 5, 1994, and for the other
constituents through March 31,1994.

• Total Suspended ParticulatE (TSP) samples were collected at all seven sites, every second
calendar day. The TSP filters were analyzed according to the same schedule and for the
same set of inorganic constituents as the PM10 filters. In addition, the TSP filters were
analyzed every fourth calendar day through March 31,1994, for paniculate fluoride.

• Monthly low volume (Id-vol) samples were collected at Sites 3, 4, 5 and 6. The lo-vol
sample filters were analyzed for the same set of inorganic and radionuclide constituents as
the PM10 filters. Monthly lo-vol samples were collected through the duration of the
monitoring program.

• Crystalline quartz samples were collected at sites 1, 2, 6 and 7 every fourth calendar day
through May 1, 1994.

• Gaseous and paniculate fluoride samples were collected at Sites 1, 2, 6, and 7 every fourth
calendar day through May 1,1994.

The sampling program was augmented with the analyses of additional samples during periods of
relatively high PM10 or TSP observations and other episodes of interest. Background air quality
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was measured at Site 6 which was located approximately 12 miles (20 km) in the general upwind
direction from the EMF facilities. For the purposes of the FS, the air monitoring program
sufficiently characterized ambient air quality at the site.

1.4.6 Ecological Investigation

A phased ecological investigation was conducted with the following primary objectives:

• To collect data on the terrestrial biological resources in the EMF Study Area, and to obtain
site-specific data for EPA to develop a terrestrial food web analysis for selected COPCs; and

• To collect data on the aquatic biological resources in the Portneuf River and to provide data
for determination of potential risks associated with the aquatic ecosystem.

The survey included the following main activities:

• Contacted local experts and government agencies regarding biological resources in the EMF
Study Area, which include special status species as well as habitats and species targeted for
human consumption.

• A ground survey was conducted in September 1992, with EPA, State, Shoshone/Bannock
Tribes and U.S. Fish and Wildlife Service (U.S. FWS) participation to examine all major
habitat types, including wetlands delineated by the U.S. FWS within the study area.

• Follow up field reconnaissance was conducted to provide additional information on plant
species composition, characteristics of plant communities, and existing stresses in the study
area. Agricultural areas were surveyed, and fallow land, crop land, and wooded areas were
noted. In addition, the occurrence and use of habitats by sensitive species in the study area
were evaluated.

• An examination of the Portneuf River was conducted to qualitatively identify bottom
substrate, macroinvertebrates, fish, general water quality, macrophytes, and adjacent riparian
wetland vegetation composition. A follow up examination characterized habitats adjacent to
sediment and water quality sampling locations. In addition, water depth and flow, and bank
height were determined, as were the general community structures and species composition
of the adjacent riparian and wetland habitats.

• Small mammal collection was conducted in the sagebrush steppe habitat Deer mice were
collected and analyzed for whole body concentrations of cadmium, fluoride and zinc and
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femur concentrations of fluoride. Soil and vegetation samples were collected at the same
locations as deer mice and analyzed for cadmium, fluoride, and zinc.

• Vegetation and soil samples were collected from the riparian habitat bordering the Portneuf
River. Samples were analyzed for cadmium, fluoride, and zinc.

• Portneuf River sediment samples were collected in the vicinity of the IWW Ditch Outfall for
chemical analysis and toxicity testing.

The survey, in conjunction with the other RI components, satisfactorily characterized the
ecology of the study area and the influence of the EMF facilities' operations.
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1.5 FEASIBILITY STUDY APPROACH

For purposes of the FS, the EMF Site has been divided into three subareas: the FMC Subarea,
the Simplot Subarea, and the Offsite Subarea. The FMC and Simplot Subareas correspond to
the boundaries of the facilities and the adjacent property owned and controlled by the
Companies. The Offsite Subarea is considered to be the area surrounding the Simplot and FMC
subareas and includes the Portneuf River as it passes through the Simplot Subarea. The division
of the site into "on site" and "off site" areas was partially driven by the unique aspects of each
area. The FMC and Simplot subareas contain operating industrial facilities, each with a planned
operational life expected to extend over many decades.

The feasibility study considers the continued operation of each facility and the changes which
may be necessary in ongoing operations as well as the ultimate closure of each facility.
Therefore, land owned and either occupied or under control for a company which may be
utilized in future operations is considered individually for each company. Key FS considerations
related to the EMF Site are as follows:

1) The facilities currently operate under and are controlled by a variety of state and federal
environmental regulatory programs, including the Clean Air Act (C AA), the Clean Water
Act (CWA), the Occupational Safety and Health Act (OSHA), and the Resource
Conservation and Recovery Act (RCRA). The operation of the facilities will continue to
result in permitted releases of constituents to environmental media at the site, including
the Offsite Subarea, Additionally, FMC and the Shoshone-Bannock Tribes entered into
an air quality agreement on May 23, 1995, that also provides for regulation of these
emissions.

2) The facilities have modified operations in the past due to business considerations as well
as the influence of various regulatory programs. In the future, the operations will
continue to be dynamic due to business considerations as well as to mandates from
regulatory programs. However, the various regulatory programs will control future
changes in operations which may influence the environment.

3) Changes in operations occurred during the course of the RI monitoring period from 1992
to 1994. These operational changes have affected, and continue to affect, the
concentrations of constituents of potential concern in the environmental media within the
subareas. Therefore, the timing and nature of these operational changes must be
considered when evaluating the characterization data and when assessing the need for a
type of remedy.
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4) The land identified within the FMC and Simplot subarea boundaries is owned by the
Companies. Both companies expect to continue operations for the foreseeable future.

Although the FS report is structured by individual subareas, the interrelationship of the three
subareas is considered. The evaluation of interrelationship focuses on the contribution of
constituents from sources in one subarea to another subarea and the ultimate fate and transport of
those constituents. The principal focus is on the contribution of constituents from sources in the
FMC Subarea. Consistent with this focus, each environmental medium is considered for each
subarea and the identification and contribution of potential sources are evaluated relative to each
medium.

It should be recognized that some of the FS steps and screening criteria are significantly affected
due to the presence of the operating facilities. Evaluations of implementability of
technology/process options are complicated by the fact that a change in one part of a process
may affect other parts of the process in a manner which is unacceptable from both an operational
and an environmental perspective. In addition, since operations are on-going, modifications that
produce a new waste or product stream will have to be considered for the life of the facility.

Consistent with these considerations, the FS examines sources which relate to historical activities
and are no longer part of the current operation, as well as those aspects of the current operation
which are not already regulated and warrant evaluation of a remedy under CERCLA.
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1.6 STRUCTURE OF FEASIBILITY STUDY REPORT

Based on the division of the EMF Site into three subareas, the Feasibility Study has been
prepared as three separate and stand-alone reports, one for each subarea.

The following presents the structure of the Feasibility Study report for the FMC Subarea.

Section 1 - Introduction;

This section provides a general introduction to the Eastern Michaud Flats Site, describes the
regional setting, the two operating facilities, the remedial investigations completed, the
development of the FMC Subarea as described in the feasibility study, the approach of the
feasibility study based on division into subareas, and the structure of the Feasibility Study
report.

Section 2 - Site Characterization:

This section summarizes the data generated in the RI (nature and extent of constituents, fate
and transport of constituents and the BRA) to provide a concise description of the problems
to be considered for the FMC Subarea in the FS.

Section 3 - Remedial Action Objectives:

This section presents a sorting and refinement of the general site-wide RAOs presented in the
Candidate Technologies Memorandum for the subarea concept, and expanded knowledge of
the site obtained from the RI. These objectives specify the constituents and environmental
media of interest, exposure pathways and receptors, and an acceptable constituent level or
range of levels for each exposure route. The initial evaluation of Applicable or Relevant and
Appropriate Requirements (ARARs), including To Be Considered (TBC) requirements,
available guidance and advisories, is presented. RAOs and ARARs are presented by media
for the FMC Subarea.

Section 4 - General Response Actions and Remedial Technologies and Process Options
Identification;

The scope of the initial general response actions, remedial technologies, and process options
analyses from the Candidate Technologies Memorandum are re-evaluated based on the
general and specific criteria of applicability to site conditions. Information provided in the
preceding sections allows the FS process to focus on the general response actions,
technologies, and process options which have the greatest potential for the development of
effective remedial alternatives.
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Section 5 - Screening Of Remedial Technologies:

This section further builds upon the analyses presented in the Candidate Technologies
Memorandum. The technologies are screened based on their implementability, effectiveness,
and cost to address the various human health and environmental impacts identified for the
FMC Subarea. The screening considers not only the environmental media, but also
addresses specific sources and the ability of a remedial technology to address the source.
After screening, the remaining remedial technologies and corresponding groups of process
options serve as a basis for the development of remedial alternatives.

Section 6 - Development and Preliminary Screening of Alternatives:

This section further describes the range of alternatives for each environmental medium
retained for evaluation, and screens them against the criteria of (1) effectiveness in meeting
the requirements of the RAOs, (2) implementability, and (3) relative cost In total, the
alternatives presented in this report and in the FS reports for the Simplot and Offsite subareas
represent a range of alternatives that addresses the site as a whole. However, because this is
a complex site involving two distinct operating industrial facilities, the alternatives meeting
the screening criteria are a combination of various process options that most effectively
address the affected environmental media as well as the individual sources.

Section 7 - Detailed Analysis of Alternatives:

The technologies and process options described in Section 6 are evaluated and combined into
remedial alternatives which address the FMC Subarea to varying degrees corresponding to
the different remediation themes identified in Section 6. The comprehensive remedial
alternatives are screened against nine criteria: (1) overall protection of human health and the
environment; (2) compliance with ARARs; (3) long-term effectiveness and permanence;
(4) reduction of toxicity, mobility, or volume through treatment; (5) short-term effectiveness;
(6) implementability; (7) cost; (8) state and tribal acceptance; and (9) community acceptance.

Section 8 - Comparative Analysis:

In the comparative analysis, the alternatives evaluated in Section 7 are arrayed to provide a
comparison between them and to identify the key differences and tradeoffs among them with
respect to the nine criteria evaluated in Section 7.
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Section 2

Site Characterization

This section presents a brief summary of the RI data generated for the EMF Site, and a more
detailed summary of the data generated in the FMC Subarea to provide a concise description of
conditions to be addressed in the Feasibility Study.

Further detail is provided on environmental setting and on the FMC industrial processes,
including management of raw materials, byproducts, and wastestreams. The nature and extent of
contamination is then summarized for each environmental medium and screening criteria are
used to narrow the list of RI analytes to constituents of potential concern in the FS. These
constituents are considered with regard to sources in the fate and transport analysis. Finally, a
summary of the findings of the Baseline Risk Assessment is presented for the FMC Subarea,
including exposure pathways and receptors and constituents of potential concern.
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2.1 KEY REMEDIAL INVESTIGATION FINDINGS FOR THE EMF SITE

This subsection presents a summary of the findings of the RI for the entire EMF Site.

Phosphate ore is the primary raw material for both the FMC and Simplot facility operations.
Constituents identified through exhaustive RI sampling and analysis of environmental media are
primarily linked to constituents of the phosphate ore and, in the case of Simplot, the additional
raw materials sulfur and nitrogen. No contamination was found to be associated with the
relatively small amounts of reagents, catalysts and fuels used by the facilities. Therefore, the
feasibility study focuses on the various phosphate ore-based products, byproducts, wastes and
emissions for each facility.

As noted previously, the primary elemental constituents of the phosphate ore are calcium,
phosphorus, and fluoride. The ore also contains trace concentrations of other elements including
arsenic, beryllium, cadmium, chromium, vanadium, zinc, and uranium-238 and its associated
decay products. Both FMC's and Simplot's processes are based on the isolation of phosphorus.
FMC isolates the phosphorus in elemental form by a furnace process, while Simplot uses an
aqueous process to produce phosphoric acid, which is subsequently converted to a variety of
agricultural products. Although generated from the same raw material, the emissions,
byproducts and wastes from the two facilities often contain very different concentrations of
constituents due to the different physical and chemical conditions which exist at various points
in the processes. For example, although the same trace constituents are available in both plants'
process streams, these constituents may report preferentially to a given product, byproduct, or
waste stream. Where a trace constituent reports in the process has bearing on both the current
nature and extent of contamination as well as fate and transport.

Given this background, specific concepts for constituent movement within the environmental
media of the study area were developed based on RI data and observations and also on an
understanding of the EMF facilities processes and operation. Key findings pertaining to the
nature and extent of contamination, source contribution, and contaminant fate and transport are
summarized for each environmental medium below.

2.1.1 Soils and Solid Materials

The FMC and Simplot subareas extend from the foothills of the Bannock Range onto the
Michaud Flats. In the southern portion of these subareas, bedrock outcrops in the form of cliffs
are present The depth of alluvial/colluvial deposits mantling the bedrock gradually increases to
the north towards the flats. In some areas of the Simplot and FMC subareas historical washes
are present resulting in channels of coarser materials. However, in general, the near surface soils
are fine grained materials with little structure. The depth and structure of soils increases in the
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Michaud Flats portion of the Portneuf River Valley. Agriculture is a predominant land use in
offsite areas to the north of the FMC and Simplot subareas where higher quality soils occur. The
key RI findings with respect to nature and extent of contamination, source contribution, and
constituent fate and transport are as follows:

• Within the operating area of the facilities a significant portion of the surface area is devoted
to structures and storage of raw materials, products, byproducts, and wastes. In addition,
grading and construction activities, coupled with the incorporation of gypsum from the
Simplot process and slag from the FMC process in fill have modified native soils within the
facilities' boundaries. Deposition of air emissions from operations have also influenced
concentrations of the constituents in surface soils and vegetation in the immediate vicinity of
the FMC and Simplot subareas.

• Although the presence of phosphate ore-based products, byproducts, and waste materials is
common within the FMC and Simplot subareas, the constituents in these materials are not
prone to transport to underlying soils and groundwater in areas where a sustained hydraulic
head does not exist

• The underlying soils at the facilities have only been influenced in those areas where a
sustained hydraulic head was or is present, or where materials have been integrated in fill.
However, the geochemical properties of the underlying soils favor attenuation of most
constituents of potential concern in the feasibility study.

• Deposition of airborne materials has resulted in a thin veneer of constituents which decrease
rapidly with distance from the EMF facilities. The deposition of these materials has
decreased with time as control of emissions has improved. Underlying soils have not been
influenced in the Offsite Subarea.

• Access to properties within the FMC and Simplot subareas is controlled by the companies
and these properties are being deed-restricted to assure limited future access.

2.1.2 Groundwater

Groundwater beneath the FMC and Simplot subareas flows north and northeast from the
facilities and is either captured by production wells or flows northward along a narrow path to
eventually discharge to springs/river north of 1-86. Groundwater flow from the facilities (i.e.,
containing some EMF-related constituents) is small in comparison with the flux in the regional
aquifer. The combined shallow aquifer flux from the EMF facilities was calculated from the RI
flow model as 4.5 cfs. This discharge is only about twenty percent of the calculated flow
moving offsite in the shallow aquifer (21 cfs) and a very small fraction of the estimated average
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groundwater discharge to the Portneuf River in the gaining reach north of the Simplot facility
(approximately 200 cfs).

The key RI findings with respect to nature and extent of EMF Site-related constituents, source
contributions and constituent fate and transport are as follows:

• Constituents have been primarily transported to the shallow groundwater system underlying
the facilities from unlined impoundments and ponds. At sources where there is no sustained
hydraulic head, downward migration of constituents is very limited.

• Constituents released to groundwater have been measured at elevated concentrations in the
shallow aquifer near source areas. However, concentrations of EMF Site-related constituents
were all measured below Safe Drinking Water Act Maximum Contaminant Levels (MCLs)
in downgradient areas of the FMC and Simplot subareas and in the Offsite Subarea.

• The predominant mechanisms controlling constituent concentrations in groundwater are
attenuation in the vadose zone and advective mixing, where the EMF Site-influenced shallow
aquifer flow merges with the large volume of groundwater flowing through the Michaud
Flats and Portneuf River groundwater systems. Although slightly elevated concentrations of
constituents were detected in the upper portion of the deeper aquifer near source areas, in
most areas groundwater movement is upward from the deeper aquifer to the shallow aquifer,
thereby limiting the downward migration of constituents to the deeper aquifer.

• Shallow groundwater from the Simplot and FMC subareas discharges to the Portneuf River.
However, there is no measurable effect on surface water quality downstream of the discharge
attributable to the EMF facilities other than small increases in some major ion
concentrations.

• Several ponds/impoundments were closed or taken out of service at both facilities prior to
and during the course of the RI (e.g., the East Overflow Pond at Simplot and Pond 8S at
FMC). The dramatic decline in concentrations of constituents of potential concern at Well
318, as indicated by the RI monitoring since late 1993, in response to replacing the East
Overflow Pond with a lined pond is an example of the effectiveness of pond closures.

• The gypsum stack is the only remaining unlined source area with an applied hydraulic head.

2.1.3 Surface Water/Sediments

The major surface water component within the region is the Portneuf River, which passes
through the northern portion of the Simplot Subarea. As noted previously, the Portneuf River is
a gaining reach in the vicinity of the FMC and Simplot subareas. River flow increases from
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discharging groundwater can be 50 per cent or more in this reach. During the RI monitoring
period, average flows upstream of the site were 310 cfs versus 516 cfs downstream of the
gaining reach. However, only a very small portion of the discharging groundwater originates
from the shallow aquifer within the FMC and Simplot facilities (RI calculations indicate
approximately 4.5 cfs). Some of the river recharge occurs through springs in the vicinity of the
subarea, which have distinct channels for short distances.

Sediment loading in the Portneuf River can be seasonally high; however, a majority of the
sediment load originates in the head waters or urban areas upstream from the FMC and Simplot
subareas. Additional sediment loading also occurs through bank erosion in areas downstream of
the FMC and Simplot subareas. The Portneuf River flows into the American Falls Reservoir
(APR) approximately five miles (8 km) downstream from the facilities.

There are no active water courses within the Simplot and FMC subareas. Runoff is controlled in
these areas and evidence of recent erosion is not present. The process operations of the facilities
are for the most part closed loop and the only active surface discharge to the river is the IWW
ditch which carries non-contact cooling waters from FMC operations. The key RI findings with
respect to nature and extent of contamination, source contribution, and constituent fate and
transport are as follows:

• The primary migration pathway for constituents to surface water is via groundwater
discharge to the Portneuf River and adjacent springs.

• Although constituents from the site do enter the surface water pathway through the
groundwater pathway, the contribution is negligible in terms of concentration and load
compared to the loads from the river upgradient of the site and the influx of non-site
influenced groundwater.

• The IWW ditch is the only active surface water discharge from the facilities. The IWW
ditch was not found to be a significant source of constituents of potential concern.

• Erosion of soils containing EMF related constituents and air deposition of constituents on the
Portneuf River have not been found to be significant transport pathways to surface water.

• River sediment quality was found to be influenced only in the immediate vicinity of the
IWW ditch discharge point.

• Investigation of sediments in the Portneuf River delta of the AFR found no evidence of
current or long-term historical releases of constituents from the EMF facilities.
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2.1.4 Air

The region is a semi-arid zone with varying topography. Regional air movement is generally
from the west/southwest, with localized wind flow patterns controlled by the topography.
Influences on the air quality in the area in addition to the EMF facilities emissions are regional
dust events, agriculture, transportation corridors, and the urban and industrial influences of the
Pocatello area. The EMF Site is located in a non-attainment area for PM10. Studies associated
with the State Implementation Plan (SIP) indicate that residential wood smoke, vehicle
suspended dust, and agricultural activities contribute significantly to observed levels of PM10 in
the site and the Pocatello urban area. The key RI findings with respect to nature and extent of
contamination, source contribution, and constituent fate and transport are as follows:

• Air emissions from the EMF facilities are regulated by EPA or State of Idaho permits. There
are no significant emissions from non-permitted sources. Additionally, on May 23, 1995,
FMC and the Shoshone-Bannock Tribes entered into an air quality agreement that also
provides for regulation of these emissions. Controls and permit conditions placed on the
facilities are expected to control emissions for constituents of potential concern in the FS.

• Concentrations of some constituents in ambient air were observed slightly above regional
background levels; however, the sites most affected were within the FMC and Simplot
subarea boundaries. Ambient air concentrations of constituents decline dramatically beyond
the FMC and Simplot subarea boundaries.

• Over the last several years, major changes in ore handling at the Simplot facility and other
operational changes at both facilities have greatly reduced airborne emissions. Operational
changes which will further reduce emissions are continuing at both facilities. In addition,
operations have ceased at Bannock Paving on FMC property.

• Deposition of constituents on surrounding soils and vegetation has continued to decline with
time due to the operational changes made at both the FMC and Simplot facilities.
Resuspension of historical deposition by wind was not identified as a significant pathway.

2.1.5 Ecology

The RI and ecological risk assessment provided an evaluation of current conditions at the site.
Due to the minimal contact and use of the EMF facilities areas by wildlife the focus of the
assessment was of ecosystems outside the boundaries of the EMF facilities. The key findings of
the ecological risk assessment are as follows:
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• No potential EMF Site-related risks were identified for the riparian, riverine, or mudflat
habitats associated with the Portneuf River. These are the ecosystems of greatest ecological
and regulatory concern in the site vicinity.

• A potential risk of adverse effects of fluoride on resident plant and wildlife species of the
sagebrush steppe ecosystem in the site vicinity was identified. However, the estimated risks
are considered to have only a marginal likelihood of resulting in adverse effects on
population size or community composition of species in the ecosystem.

• In general, the ecological risk assessment is more likely to overestimate rather than
underestimate the risks of adverse effects of the site, because of the conservative nature of
the assumptions used.
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2.2 FMC SUBAREA PHYSICAL SETTING

As discussed in Section 1.3, the FMC Subarea consists of an elemental phosphorus plant (FMC
plant) and the adjacent FMC-owned land to the north and northeast, totaling 1,425 acres. A map
showing the location of the FMC Subarea is provided in Figure 1.3-1. Current and formerly
utilized facilities within the FMC Subarea are shown in Figure 2.2-1. A summary of the
regional physical setting was presented in Section 1.2. The general physical characteristics of
the EMF Site are described in Section 2.1. The physical characteristics of the FMC Subarea are
discussed in greater detail in this Section. The nature and extent of contamination within the
FMC Subarea is summarized in Section 2.3, and contaminant fate and transport is described in
Section 2.4. The Baseline Risk Assessment evaluation for the FMC Subarea is summarized in
Section 2.5.

2.2.1 Potential Source Materials

In general, the ore processing operations concentrate or disperse ore-related constituents in
relatively unique ways. To determine the potential constituents that may be released from FMC
sources, during the Remedial Investigations (RIs), chemical analyses were performed on
feedstock (ore), byproducts (ferrophos and slag), and aqueous streams (phossy water/solids,
precipitator, slurry, calciner water/solids, and industrial wastewater). The general characteristics
of the source materials were developed and emphasis was placed on identifying any unique
characteristic(s) that might enable an analyst to identify the specific source material.

The following general conclusions were reached:

• Phosphate ore, slag, precipitator slurry solids, phossy water/solids, ferrophos, and calciner
scrubber water and solids contain significantly higher concentrations of various trace metals
and other constituents than do the native soils and waters.

• There are six constituents that appear in all of the solid source materials that enable the
specific source material to be identified when it is mixed with native soils or sediments.
These characteristic constituents are fluoride, total phosphorus, cadmium, chromium,
vanadium, and zinc. At least four of these constituents are present in all byproducts or waste
materials.

• In addition to the six characteristic constituents, each of the source materials has unique
concentrations of other constituents that allow for its identification, provided it is mixed in a
matrix (soil or sediment) in sufficient quantity.

• To a lesser extent than the solid matrices, the aqueous streams associated with phossy wastes,
precipitator slurry, and calciner scrubber slurry also have enriched concentrations of various

FS/fmrfs2.doc 2-9 June 1996



Section 2 Site Characterization FMC Subarea

constituents that can be used to identify sources that may have contributed releases to
groundwater.

• The levels of characteristic constituent enrichment in each of the aqueous streams are due in
part to the fact that the streams represent recycled water recovered from the various ponds
after settlement of particulates has occurred. Some constituents remain in the recycled water
as suspended solids or in dissolved form.

The analytical results for samples of the feedstock, byproducts, and aqueous streams are
summarized on Table 2.2-1.

The FMC Subarea soils, geology/hydrogeology, surface water, and air/meteorology conditions
are described below.

2.2.2 Soils

As discussed in Section 1.2, much of the EMF Study Area is underlain to some depth by soils
consisting of calcareous silts and clays (loess). These silts and clays have an average pH greater
than 8 and, because of their calcareous nature, a high buffering capacity. This means that they
will act to neutralize acidic materials, precipitate cations that form carbonates out of solution,
and provide for numerous cation exchange opportunities for trace elements. The silts are of
greatest thickness in the western and central portions of the FMC Subarea, and extend to the
south well beyond the FMC fenceline (Figure 1.2-6).

The EMF Study Area is in a semiarid region, with approximately 11 inches of total annual
precipitation. Published recharge values for the Eastern Snake River Plain are 10 per cent of the
mean annual precipitation. This means that about 1 to 1.1 inches per year are available for deep
infiltration (Wood and Low, 1986). The practical impact of this low potential infiltration is that
in order for soluble materials to move into the subsurface soils to groundwater, additional liquid
head must be applied to provide a transport mechanism.

2.2.3 Geology/Hydrogeology

A description of the regional geologic setting of the EMF Study Area was provided in
Section 1.2. A geologic map of the EMF Study Area is provided in Figure 1.2-2. The FMC
Subarea hydrogeologic setting was characterized on the basis of data obtained from borings and
monitoring wells installed on FMC and Simplot properties and some offsite areas as part of the
RI investigations. Data from previous investigations, wells installed for RCRA monitoring
purposes, and other private wells were also used where applicable. Locations of wells in and
adjacent to the FMC Subarea are shown on Figure 1.4-3.
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TABLE 2.2-1
Characteristics of Ore, Byproducts, and Waste Materials

Constituent
Aluminum
Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Calcium
Chloride
Chromium
Cobalt
Copper
Fluoride
Iron
Lead
Lithium
Manganese
Mercury
Molybdenum
Nickel
Orthophosphate
Total Phosphorus
Potassium
Selenium
Silver
Sodium
Sulfate
Vanadium
Zinc
Gross Alpha
Gross Beta
Lead 210
Potassium-40
Uranium 238

Phosphate Ore
(mg/kgor

PO/B)
12,400

ND(16.8)
14.6
105
1.9

74.3
77.8

232,000
NA
822

ND(0.87)
104

13,200
8,910

ND(12.1)
ND(11.8)

122
ND(0.36)
ND(15)

126
3460

65,900
3,540
6.1
5.1

3,400
NA
996
991
254
101

ND(5)
10.9
24.2

Slag (a)
(mg/kRorpCI/R)

23,600-26,900
ND(14-14.9)

ND(0.48-0.58)
214-254
1.8-2.1

67.5-97.8
ND(1.2-4.3>.103
255,000-290,000

NA
172-290

ND(1 .2-1.6)1.6
10.9-17.9

12,400-17,800
772-1,970
ND(5.6-6)

ND(16.5-19.5)
114-205

ND(0.05-0.39)
ND(2.4-0.25)
ND(3.8)-11.9

30.3-104
1,610-5,680
6,780-8,220
ND(2.8)-6.9

2.3-4.9
3,730-4,210

NA
150-250
36.4-450
179-240
74.7-102

ND(5)
7.38-10.9
22.1-30.7

Ferrophos (b)
(mg/kgor

PO/B)
1,430-2,330,
28.5-61.4

ND(0.52-3.7)
14.5-23.6
1.7-4.1
4.8-7.6

WXO.98-1.8)
16,900-24,300

NA
2,370-6,320

12.6-29.1
404-851

1,790-3.370
32,800-84,500

ND(6-6.1)
ND(1. 1-2.2)

190-307
ND(0.08-0.24)

90.6-151
535-1,150
13.7-37.5
902-1,510
410-663

ND(0.24-2.6)
26.7-47
553-593

NA
2,610-6,330

70.3-169
24.8-70.4
22.5-55.4

ND(5)
ND(2)-2.3
ND(5)-1Z3

Phossy Pond
Sediment (c)

(mB*«orpClte)
I,350-4j030

37.2-189
20.4-256
18.7-48.8

ND(0.2)-0.35
30.4-79.6

1,100-2,040
13,200-27,000

NA
71.6-133

ND(0.74)-3.1
41.7-74.9

8,600-17,100
877-1,630
185-386

ND(8.7-9.9)
37.9-80.8
0.23-0.74

ND(3.7)-7.1
16.2-17.6

7,910-10,100
21,300-28,000
7,910-20,100

10.8-49.6
106-199

1,630-2,750
ND(20)-210
42.9-93.4

10,400-26,600
71.1-289
254-783
204-465
13.1-27.4

ND(5)

Preclpltator
Slurry (d)

(me/1 or pCl/1)
715
7.12

0.4863
9.45
0.114
0.19
1.66
114
740
2.03
0.09
13.39
1,510
197.1

0.5472
1.664
11.63

0.00027
0.27
2.454
1360
7,680
9,890
0.2069

2.45
1449
33

15.62
5,210
668

6,480
NA
NA
NA

Caldner Pond
Sediment

(me/1 or pCI/1)
11,400
59.2

ND(6.7)
94.6
1.3

2,640
426

284,000
NA
531
1.7

58.9
191,000
5,440

ND(30.9)
ND(23.1)

91.8
ND(0.31)
ND(32.5)

79
13,200
91,000
79,800
ND(3.8)

25.1
20,300

NA
607

6,000
225
111

ND(5)
70.4
17.5

IWW Sediment (e)
(me/1 or pCI/1)
9,320-18,200
ND(25.3-82.8)

9.2-38
467-1,530

ND(0.71-1.6),0.65
36.2-52.1
112-569

72,800-161,000
NA

218-677
34.3-62.2
687-2,440

6,320-11,400
10,100-19,300

ND(38.9-96.3)-137
ND(8.2-15.7)
1,190-4,400

1.2-6
ND(4.9-14)

62-121
289-1,560

22,700-45,300
2,190-4,310

ND(7.1)-28.4
12.6-72.8

1,570-3,990
NA

185-460
1,980-8,230

116-299
73.4-134

NA
NA
NA

Caldner Pond
Waste water

(me/1 or pCI/1)
9.24
1.92

3.977
0.26

ND(0.001)
2.89
0.818
154

3,750
0.133

ND(0.038)
0.223
134
7.06

0.3258
2.216
0.211

ND(O.OOOl)
0.31
0.339
3,930
5,340
19,330
2.785
0.058
3,990
19,800
1.14
10.13
642

17,700
NA
NA
NA

Notes: The six characteristic constituents are shown in bold type.
(a) Slag values based on range for six samples.
(b) Ferrophos values based on three composite samples.
(c) Phossy waste values based on range for samples from Ponds 8S, US, 12S, and 1SS.
(d) Precipitator slurry values based on sample from the discharge to pond 8E.
(e) IWW sediment values based on range for six samples from the IWW ditch and basin.
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Section 2 Site Characterization FMC Subarea

Groundwater within the FMC Subarea is used for both the facility drinking water supply and
industrial use. Water for facility use is currently produced from three wells screened in the
deeper aquifer (FMC-1, FMC-3, and FMC-4 on Figure 1.4-3). Drinking water supplied from
these wells meets all MCLs. The Lindley well, located north of U.S. 30 is also owned by FMC,
and has been used as a water supply for the adjacent house which has been removed from the
site. This well is now used for landscape watering only. The new Pilot House well which is also
located north of U.S. 30 is used intermittently for water supply, including potable water, for drag
strip operations during the summer months. No other groundwater withdrawals occur within the
FMC Subarea. Groundwater beneath the FMC Subarea is not a source of drinking water for
residential or municipal use.

The FMC Subarea is located along the northern slope of the Bannock Range where it merges
with the Snake River Plain. In general, the stratigraphy of the FMC Subarea is described as
discontinuous layers of unconsolidated sediments deposited on an erosional surface that was
incised in volcanic bedrock. General hydrogeologic sections are provided in Figures 2.2-3
through 2.2-5. The locations of these sections within the FMC Subarea are shown on Figure
2.2-2. There are three distinct hydrogeologic areas within the EMF Site, each with characteristic
stratigraphic, hydrologic, and geochemical features. These have been designated the Michaud
Flats, Bannock Range, and Portneuf River Valley hydrogeologic areas (Figure 2.2-6).

The Michaud Flats groundwater enters the FMC Subarea from the southwest and west and
occupies the northwestern part of the FMC Subarea. It has a higher sodium chloride content
than other groundwater in the EMF Study Area. Hydraulic conductivities are high (30 to 1000
ft/day). The geology of this area is Michaud Gravel, Aberdeen Terrace deposits (reworked
Michaud Gravel), and local fine-grained units with abundant caliche deposits. Deeper gravels
can be volcanics, especially where the Michaud Flats area merges with the Bannock Range area.

Bannock Range groundwater enters the study area from the south and occupies the southern
portion of the FMC Subarea and most of the eastern to northeastern portion. Water can be
described primarily as calcium-bicarbonate. This area has low hydraulic conductivity values
(0.03 to 28 ft/day), steep hydraulic gradients, and typically thinner saturated thicknesses of
volcanic gravels. As noted previously, distinct shallow and deep aquifer zones were not
identified in the Bannock Range.

Portneuf River Valley groundwater only occurs in the northeastern corner of the FMC Subarea,
north of highway 30 near the Portneuf River. This groundwater is similar to Bannock Range
groundwater but is more alkaline. The geology in this area generally consists of very thick
deposits of highly permeable Michaud Gravel. Hydraulic conductivities are very high (28 to
4,800 ft/day); there appear to be few, if any, fine-grained units within the gravels, and distinct
shallow and deep aquifer zones were not identified in this area.
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Water level depths vary from more than 150 feet in the southern portion of the FMC Subarea on
the edge of the Bannock Range, to about 45 feet in western portion of the plant area. In the
northern portion of the FMC Subarea (north of highway 30) groundwater is generally about 60
feet below ground surface. In the western portion of the FMC Subarea, Michaud Flats
groundwater in the shallow aquifer moves from the southwest and west to the east towards the
Portneuf River. Across the southern boundary of the FMC Subarea in the west, and in the
central and eastern (joint fenceline) portions of the FMC Subarea, groundwater flows north to
northeasterly from the Bannock Range. Groundwater from these two systems mix within the
FMC Subarea, and in the northeastern comer of the FMC Subarea, Bannock Range groundwater
mixes with the Portneuf River Valley groundwater. Groundwater flow patterns within the
shallow and deep aquifer zones are depicted in the potentiometric surface maps shown on
Figures 2.2-7 and 2.2-8, respectively.

Both FMC and Simplot operate production wells which withdraw groundwater from the deeper
aquifer in the northern portions of their respective subareas. Simplot production wells withdraw
an average of 7.8 cfs (3,500 gpm) from the deeper aquifer and likely capture a significant
portion of the deep groundwater moving through this area. FMC production wells are located in
the north-central portion of the FMC Subarea, and withdraw an average of 2.9 cfs (1,300 gpm)
from the deeper aquifer in that area.

Water level and chemistry data presented in the RI document the existence of a major discharge
area just north of 1-86. Apparent flow directions, gradients, and constituent isoconcentration
maps demonstrate that shallow aquifer flow emanating from beneath the FMC facilities
converges along a northeasterly flowpath and moves toward this discharge area (Figure 2.2-7).
Groundwater from the FMC facilities is either captured by the FMC and Simplot production
wells, or flows northeastward to eventually discharge into the Portneuf River and associated
springs north of 1-86.

2.2.4 Surface Water

There are no naturally-occurring perennial surface water systems within the FMC Subarea. The
Portneuf River lies to the east and north and is the major surface water body nearest to the FMC
Subarea. The natural drainage features within the FMC Subarea south of 1-86 originally
consisted of several small ephemeral streams that channel flow from the Bannock Range. The
combined drainage area for these streams is about 1,925 acres. Within the main plant area of the
FMC Subarea, these natural drainages have been significantly modified by plant operations.

The FMC main plant facilities are located within those portions of the FMC property south of
East County Road. The raised bed of the Union Pacific Railroad along the northern edge of the
operating facilities area forms a barrier that effectively isolates surface water within the plant
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area. Modeling of storm runoff within the FMC plant area (the FMC Subarea area south of
Highway 30) for the maximum 24-hour storm of record (1.82 inches) indicated that runoff
would be completely contained within the plant area (Bechtel, 1994).

The only discharge from the FMC main plant area to the Portneuf River is the managed and
permitted discharge of the IWW (non-contact cooling water) system. Water from managed
wastewater streams is discharged into lined, onsite evaporation ponds. These ponds have raised
dikes and are not subject to run-on, and have adequate freeboard to handle stormwater from
direct precipitation.

The non-industrial areas of the FMC Subarea north of highway 30 and 1-86 slope gently to the
east and northeast, and storm water runoff in these areas generally drains to the Portneuf River.

2.2.5 Air/Meteorology

The EMF Study Area is located on the border of the Snake River Plains and Eastern Highlands
climatic regions in southeastern Idaho (NOAA, 1982). The climate is characterized by a wide
range of temperatures (lowest recorded -33°F in February 1985 to highest recorded 104°F in
August 1990), with the warmest temperatures in June through August, and the coldest
temperatures in December through February. The greatest amount of precipitation occurs in the
spring, with a total annual average of 10,8 in./yr.

Regional air movement is generally from the west/southwest, with local wind flow patterns
controlled by the rugged topography. Pocatello airport data show a prevailing wind direction
from the south-southwest, with a strong predominance of wind from the entire southwest
quadrant, while data from Simplot Site 1 show a strong predominance for southwest to west-
southwest winds and a secondary predominance from the southeast direction. Mean annual wind
speed is 10.1 mph. In the summer months, moisture-laden air from the Gulf of Mexico and
Caribbean region produce thundershowers (Ruffner, 1978).
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FMC Subarea Section 2 Site Characterization

2.3 NATURE AND EXTENT OF CONTAMINATION

The distribution of FMC plant-related constituents in soils, groundwater, surface water and
sediment, and air is discussed in this section. The evaluation of the nature and extent of
contamination within the FMC Subarea is based on the data and analyses presented in the RI
Report (Bechtel, 1995). Because the FMC plant is an operating facility, changes in plant
equipment, operating procedures, methods, etc. are constantly occurring.

Significant modifications to FMC operations have occurred since the effective date of the AOC
was signed on May 30, 1991. These modifications reduce concentrations of contaminants and
loading of contaminants to environmental media at the site. These modifications need to be
considered when evaluating the RI data for nature and extent of contamination, fate and
transport of contaminants, and the findings of the Baseline Risk Assessment. The most
significant changes which have occurred at the FMC facility include:

• The slag pit sump was dewatered in March 1991.

• The John Zink scrubbers were placed in service in December 1991 to comply with EPA's
radionuclide NESHAPS control technology requirements.

• Pond 8S, a formerly utilized unlined pond, was covered and dewatered in the summer of
1994.

• The railroad swale, an area which receives runoff from the operating facilities areas of the
plant, was lined over most of its length hi 1994.

• New Pond 16S, built to meet minimum technology requirements (MTRs), was placed in
service in 1993.

• Since 1995, Ponds 8E and 9E have been used to manage only non-hazardous precipitator
slurry.

• The Phase IV ponds (US, 12S, 13S, and 14S) now manage only non-hazardous "phossy
water".

• Since August 1993, FMC has paved approximately 5 miles (8 km) of formerly unpaved
roadways. In addition, approximately 200,000 ft2 (18,580 m2) of formerly unpaved non-
roadway plant areas have been paved.

• A new, lined calciner pond solids solar drying area was constructed to MTRs and placed in
operation in 1993.
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Section 2 Site Characterization FMC Subarea

• A new system for waste management of precipitator slurry is being initiated, using lime
precipitation. This will assure that the precipitator slurry remains non-hazardous. This
system has been applied to all four furnaces, and work continues to optimize the process
parameters.

• The Pilot House and the grain inspection station have been vacated, and the Lindley house
has been removed.

The nature and extent of contamination within the FMC Subarea is described by medium.
Distribution of site-related constituents in soils and solids are described in Section 2.3.1,

Section 2.3.2 describes the distribution in groundwater beneath the FMC Subarea; effects on
surface water and sediment are described in Section 2.3.3; and the air pathway is described in
Section 2.3.4.

2.3.1 Soils and Solids

Within portions of the industrial operations and waste management areas of the FMC Subarea,
surface and/or near surface soils have been affected by the mixing of soils with facility
feedstock, byproducts, and other fill materials; by seepage from former unlined ponds; by
facility spills; and by EMF facility air emissions as indicated by the soil data summarized in
Section 2.4.1. Additionally, some constituents have migrated through surface or near-surface
facility soils into deeper (vadose zone) soils via infiltration and deep percolation of aqueous
byproducts and/or wastes.

Constituents originating from the FMC Subarea are principally derived from phosphate ore, the
primary feedstock for the FMC plant The ore contains apatite, a mineral containing calcium,
phosphorus, and fluoride. The ore also contains trace amounts of arsenic, cadmium, chromium,
vanadium, uranium-238 (and its radioactive decay products), and other elements. These
constituents, given their elemental nature, are persistent in the environment.

Within the near-surface soils at the FMC Subarea, the material most commonly used for fill was
slag. Where general site grading or construction of roads has occurred, the mixing of slag and
near-surface native soils is common. Beneath major plant structures, slag was commonly used
for structural backfill. Slag, often mixed with native soil, was also used for construction of pond
embankments. Slag passes the TCLP test, and is not considered a significant source of
constituents of potential concern.

RI data indicate that constituents in soil are not a concern from the point of view of transport to
other environmental media. Constituent migration within and through the vadose zone has
generally been insignificant except where hydraulic head has been applied in an unlined unit.
These areas include the old calciner ponds, old phossy water and precipitator slurry ponds, slag
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pit sump, old kiln scrubber ponds, and old kiln scrubber overflow pond (Figure 2.2-1). In these
areas, site-related constituents have reached groundwater. The groundwater pathway is
discussed in Section 2.4.2. It should be noted, however, that a hydraulic head is no longer
applied in any of these areas.

There is no evidence of significant erosion of facility soils. All process water and storm water is
controlled. All storm water runoff is contained within the facilities, and dissipates either through
evaporation or infiltration. Therefore, transport of constituents in soils suspended in surface
runoff is not a pathway requiring further evaluation.

Analyses of soil samples collected at ground surface, or within the first foot below the surface in
soil borings where no surface sample was collected, were examined to evaluate the potential for
direct exposure by workers. Samples from active plant operating facilities, such as the calciner
ponds, phossy water and precipitator slurry evaporation ponds, the ore pile, etc., are not included
in this analysis, since the presence of feedstock, byproducts, and/or waste materials at these
locations are part of normal plant operations. The results of these analyses were then compared
to risk-based screening criteria for commercial/industrial site conditions. Table 2.3-1 lists the
risk-based criteria (RBCs) for worker exposure from the Baseline Risk Assessment (E&E,
1995).

Areas in which soils were encountered containing constituents of potential concern above RBCs
are primarily in or adjacent to areas where wastes or byproducts have been stored. The potential
for direct exposure by workers is also limited given the relatively few locations where RBCs are
exceeded, and the location of these areas with respect to active operations.

Figure 2.3-1 shows the locations of all soil samples collected within the FMC Subarea during the
RI. The analytical results for the samples from the 65 locations where soil samples were
collected at the surface or within the first one foot of boring depth are provided in Tables 2.3-2
(heavy metals) and 2.3-3 (other constituents). EPA designated background concentrations are
indicated for each constituent, and the maximum concentration detected in the 65 locations is
indicated. Where RBCs have been calculated, they are shown. A brief description of each
sample location and its general soil characteristics are also provided.

As discussed in the Baseline Risk Assessment for the Monsanto Chemical Corporation
Superfund Site in Soda Springs, Idaho (EPA, 1995), one of the criteria used in identifying
constituents for use in the risk assessment was to eliminate constituents which are known to be
essential nutrients and for which no RBC exists.
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TABLE 23-1
EPA Calculated Risk Based Concentrations for Screening COPCs

Chemical

Antimony
Arsenic
Barium
Beryllium
Boron
Cadmium
Chromium
Cobalt
Copper
Fluoride
Lead
Lead-210
Lithium
Manganese
Mercury
Molybdenum
Nickel
Polonium 210
Potassium-40
Selenium
Silver
Thallium
Total Phosphorus
Uranium-238
Vanadium
Zinc

EPA Calculated Risk-based
Concentrations (RBCs)
for Worker Exposure*

359
1.434

61,612
0.58

80,636
448

896,457
NC

33,259
53,787

NC
6.24

17.929
4,475

269
4,482

17,929
21.22
0.308

4,482
4,482

71.72
NC

4.42
6,275

268,937

* Values are in mg/kg or pCi/g; NC = not calculated or not available
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TABLE 23-2
FMC Subarea - Concentrations of Heavy Metals Measured in Surface Soils

Sample ID

F023B

F024B

F026B

F027B

F028B

F029B

F030B

F036B

F039B

F046B

F047B

F048B

F049B

F050B

F060B
F061B

F062B

F091B

F092B _j

F101R
F104R

FI05B

F106B

F107R

F108B

F109B

F110B

F111R

FH2R

F113R

F114R

F115R

F119R

F121R

F122R

F125B

FI26B

FI27B

F128B

F129B

F130B

Sample Location

Old Ponds 1C & 2C

Old Pond 4E

Old Pond 6E

Active Landfill

Chem Lab Seepage Pit

Chem Lab Seepage Pit

IWW Ditch

Transformer Salvage Area

Railroad Swale

Septic Tank Area

Septic Tank Area

Septic Tank Area

Septic Tank Area

Calciner Pond Sediment Drying Area

Area West of Mobile Shop

Area West of Mobile Shop

Long-term Phos Storage

Shale Ore Handling

Shale Ore Handling

Facility Roads

Facility Roads

Facility Roads

Facility Roads

Facility Roads

Facility Roads

Facility Roads

Facility Roads

Facility Roads

Facility Roads

Facility Roads

Facility Roads

Facility Roads

Facility Roads

Facility Roads

Facility Roads

Facility Roads

Facility Roads

Calciner Pond Sediment Area

Calciner Pond Sediment Drying Area

Slag Haul Road Near Furnace Bldg.

Calciner Fines Pile

EPA Risk-based Concentrations (RBCs)

[ EPA Background Soil Concentrations

Maximum Concentration Measured

Sample Description

Sandy silt; light brown

Fill and brown silt

Silt; light yellow-brown

Silr, light brown

Silt: reddish-brown ,

Gravelly silt; yellowish-brown

Sandy gravel

Silt; light brown

Silty gravel; dark yellowish-brown

Silt; dark yellowish-brown

Topsoil; dark brown

Topsoil and silt; yellowish-brown

Silt; yellowish-brown

Clay/silt; red brown, with sand

Silt; dark brown, with gravel

Silt; dark brown, sandy, with gravel

Silt; tan brown

Silt; tan-red-brown, with gravel

Silty sand; red-brown to black, with gravel

Silty sand; dark brown, trace gravel

Gray slag
Fill; dark grayish-brown silt

Silt; tan brown

Slag gravel

Silt; tan, with gravel

Road surface; slag/gypsum/gravel

Silt; dark brown/black, with gravel

Silt; gray with slag (gravel)

Silt; gray with slag (slag coarse/fine)

Sandy silt; dark brown, trace gravel

Silt/sand; dark brown/gray, trace slag

Sandy silt; dark brown

Silt; red brown, fine (shale ore)

Silt/slag; gray

Clean fill; brown silt

Silt; tan, fine

Silt; tan, with gravel

Sludge; calciner pond sediments

Silt; tan, with gravel

Fill; gravel

Silty sand; tan

Antimony

359

2 2

32.8

7.6 V

18.4 UJ

8.1 U

15.0 UJ

7.8 U

8.9 U

7.8
16.5 UJ

16.1 UJ

18.7 UJ

17.8 UJ

16.8 UJ

17.2 UJ

19.1 U

16.1 UJ

21.9 J

16.9 UJ

15.2 UJ

16.0 UJ

17.0 UJj

15.0 UJ

16.7 UJ

16.5 UJ

15.1 UJ

16.5 UJ

16.6 UJ

16.5 UJ

14.9 UJ
15.1 U

15.8 U

15.9 U

15.6 U

15.8 UJ

15.4 U

16.4 UJ

17.2 UJ

7.9 UJ

32.8 J

8.4 J

3.8 UJ

3.9 UJ

Arsenic

1.43

7 j

54.2

12.1 J
9.4 J

5.9 UJ

4.0 U

5.4 UJ

5.2 UJ

9.0 J

3.7 UJ

12.2

5.1 UJ

4.4 UJ

2.2
3.5 J

15.8

3.0 U

2.6 U

3.0 U

4.4
15.2

3.2 U

1.7 U

54.2 J

4.9 U

2.9 U

4.5
3.5
6.0 J

2.7 U

3.4
5.4

10.8

25.6

10.5

5.4
5.7 U

4.3 U

7.0 UJ
27.1

7.2
0.9
1.9

Barium

61,612

188

770

146.0 J

154.0

121.0

132.0 J

152.0

129.0

175.0 J

128.0 J

85.8

151.0

189.0

116.0

154.0

234.0

151.0

191.0

137.0

93.2

121.0

166.0

215.0

113.0 J

156.0

232.0

162.0

152.0

201.0

203.0

221.0

179.0

159.0

107.0

109.0

212.0

139.0

143.0

134.0 J

107.0

336.0

208.0

97.7

Beryllium
0.58

1

2.90

0.76

0.30

0.70

0.70

130
0.63

1.70
0.71

2.90

0.82

1.00

0.77

0.43 U

0.49

130
1.40

0.22 U

0.81

2.70

1.20

2.60

1.90

0.96

250
1.50

1.10

130 U

2.00

1.70

1.80

1.70

2.00

2.70

2.30

0.82

0.76

0.93

1.80

0.68
1.80

1.30 ^

Cadmium

448

1.9

918

36.20 J

918.00

0.71

097 U

1.30

7C-0

87.70 J

8.40

104.00

1.20 U

2.70

1.10 U

1.10 U

184.00

21.40

125.00

1.10 U

7.10

83.30

340.03

12.60

159.00

5.40

7.20

8.80

3.00

32.80

55.40

17.70

35.90

64.00

194.00

98.90

50.80

6.00

2.6C

13.80

616.00

68.10

10.60

77.70

Chromium
896,457

27.5

820

141.0 J

55.9

16.3 J

17.9

95.7 J

30.7 J

295.0 J

18.8

720.0

19.2

26.8

22.8

20.7

763.0

180.0

241.0

18.7 J

66.1

689.0

108.0 J

820.0 J

622.0

36.2

428.0 J

108.0

27.1

182.0

292.0 J

188.0

243.0

298.0

588.0

728.0 J

315.0

42.6

22.6 J

174.0

674.0

334.0

236.0

304.0

Cobalt
NC

7.6

7.1

4.0
7.1
5.0
5.6
3.8
4.7
4.0
5.6
1.1
5 7

8.3
C C

6.0
1.4
2.6
2.8
6.4
4.1 n

1.6
5.9
5.0
1.5
5.4
3.1
5.5
7.1
5.5
2.3
2.2
2.1
2.2
2.5
1.4
2.5
4.9
6.8
6.2
7.0
3.9
2.0
0.4 U

Copper
33,259

12.6

204

20.2

41.4

8.6 J

8.4

17.0 J

14.6 J

48.1

17.0

95.8

12.8

20.1

8.6
11.0

72.6

204.0

33.0

11.0 J

16.3

109.0

22.0 J

84.3 J

86.0

11.3

31.9 J

19.5

14.8

48.8

22.9 J

15.8

25.0

38.4

74.0

101.0 J

29.2

14.0

11.9 J

44.1

72.1

35.2

18.2

77.7

Lead
NC

29.1

157

14.8

157.0

6.8
9.8 U

3.1 U
56.4

14.0 U

13.5 J
17.4 J

7.5 U

12.0

10.1 J

11.0

50.2 J

74.4

153.0

6.8 U

10.0 J
' 32.2 J

69.9

6.0 U

44.0 J

13.3

6.1 U

13.7 J

12.1 J

6.6 U

6.0 U

6.1 U

6.4 U

8.7
7.5
8.2 U

6.2 U

13.0

8.5
8.7

54.3

19.6

4.9
12.3

4,475

482

220.0 J

242.0

340.0 J

378.0

192.0 J

325.0 J

319.0 J

487.0 J

221.0

i 363.0

557.0

383.0

446.0 J

46.1

451.0

395.0

420.0

216.0

244.0

289.0

333.0

212.0 J

350.0

288.0

369.0

444.0

490.0 J

195.0

246.0

186.0

225.0

184.0

121.0

168.0

393.0

465.0

395.0 J

107.0

73.9

235.0

394.0

269

0.16

15.6

1.80

0.06 U

0.14

0.06

0.05 U

0.15

0.08 U

0.05 U

0.42 U

0.06 U

0.06 U

0.08 U

2.00 J

15.60 J

0.80

0.25 U

0.14 U

0.08 U

0.38 U

0.30

0.05 U

0.06 U

0.28 U

0.06

0.10 U

0.06 U

1.10

0.05 U

0.05 U

0.22 U

0.06 U

0.53

0.52

0.05 U

0.22 U

0.17 U

0.05 U

7.70

9.10

0.45

1.00

4,482

2.15

64.7

4.9
6.5 U

1.4 U

2.5 U

2.1 U

1.5 U

7.3
2.8 U

27.8

3.2 U

3.0 U

2.8 U

2.9 U

36.3

64.7

4.5
2.9 U

2.9
22.5

4.3 U

17.4 U

13.8

2.8 U

4.7 U

3.5
2.8 U

5.7 U

3.6 U

2.5 U

4.4 U

6.6 U

21.0

19.9 U

5.2 U

2.8 U

2.9 U

2.4
39.0

32.2

2.1 U

7.5 U

Nickel

17,929

15.5

163

24.8

18.0

11.7

11.9 U

12.9

14.9

54.2

25.8

163.0

17.0

17.0

12.4

10.5

41.1

34.5
35.5

12.3 J

24.5

156.0

22.6 J

139.0 J

134.0

16.8

45.8 J

22.3

16.5

28.5

23.9 J

9.2
25.3

45.7

118.0

128.0 J

29.3

14.6

11.9 J

71.0

107.0

21.3

19.2

75.4

Silver

4,482

\.9

87.1

3.40

87.10

1.40

0.78 L

2.30

9.80

6.50

0.86 U

5.90

0.97 U

0.93 I

0.87 I

0.89 I

49.70

4.90

45.90

0.88 I

0.79 U

5.70

35.20

6.00

6.40

0.86 1

500
0.92

0.86

3.30

7.70

4.50

4.30

3.80

5.20

6.70

5.50

0.85

0.89

1.80

57.60

5.50

4.80

7.00
8.00

Thallium

71.72

0.27

29.7

11.90 U

28.70 R

0.42 U

23.30 UJ

0.40 U

0.46 U

12.00 U

25.70 U

25.00 U

29.10 U

27.80 U

26.20 U

26.80 U

29.70 U

25.00 U

25.60 U

26.30 U

23.70 U

24.90 Ul

26.60 U1

23.30 U

26.10 U

25.80 U

23.50 U

25.70 U

25.90 U

25.70 U

23.20 U

23.50 U

24.60 U

24.80 U

24.40 U

24.70 U

24.10 U

25.60 U

26.80 U

12.40 U

26.60

15.70
0.34 J

5.10 J
3.20

Vanadium

6,275

45.4

1,UUU

146.0 J

55.0

24.3

29.5

99.5

35.2

299.0 J

32.0

980.0

29.6

32.2

33.0

34.3

632.0

170.0

232.0

30.3 J

86.3

848.0

105.0 J

757.0 J

724.0

48.3

370.0 J

112.0

37.8

183.0

266.0 J

175.0

253.0

338.0

720.0

917.0 J

325.0

54.3

33.8 J

276.0 J

673.0

249.0

190.0

281.0
1,000.0

Zinc
268,937

52.8

t c 9Oft

328.0 J

15,200.0

53.8 II

53.4

5L9
1,390.0

644.0 J I

1,400.0 J

1,270.0

59.2

9O4 11

~ 653
48J

1,070.0 I

410.0

7,970.0

58.9

123.0

1,220.0

8,020.0

200.0

1,400.0 J

93.6

127.0

135.0

81.1

400.0

706.0

272.0

476.0

405.0

907.0

1,040.0

396.0

169.0

113.0

223.0 J

8,010.0

389.0

137.0

605.0
1 ,290.0

Note: (I) All concentrations are in mg/kg; bold type indicates value exceeds either KBC or background value if background value is higher than KBC.
(2) "Surftcial" soils include soils from beneath asphalt and concrete pads, where samples were collected at a depth of less than 2 feet.
IJ) Data qualifiers: U - undetected: J = estimated
14) NC = Not calculated or not available
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FMC Subarea Section 2 Site Characterization

TABLE 23-2 (continued)
FMC Subarea - Concentrations of Heavy Metals Measured in Surface Soils

—

Sample ID

000-1A
000-1B

023-1 A
023- IB
045-1 A
045-1A01
045-1A02

045-1A03
045-1 ACM
045- IB
068-1 A
068- IB
068- 1C
270- ID
293-1 A
293-1A01
293-1A02

293-1A03
293-1A04

293- IB
293-1B03

293-1 BOS
315-IA
338-1 A
338-1B1

Sample Location

RI "Offsite Area"

RI "Offsite Area"

RI "Offsite Area"
RI "Offsite Area"

RI "Offsite Area"

RI "Offsite Area"
RI "Offsite Area"

RI "Offsite Area"

RI "Offsite Area"
RI "Offsite Area"
RI "Offsite Area"
RI "Offsite Area"

RI "Offsite Area"
RI "Offsite Area"
RI "Offsite Area"

RI "Offsite Area"

RI "Offsite Area"
RI "Offsite Area"
RI "Offsite Area"
RI "Offsite Area"

RI "Offsite Area"
RI "Offsite Area"
RI "Offsite Area"

RI "Offsite Area"
RI "Offsite Area"

EPA Risk-based Concentrations (RBCs)

EPA Background Soil Concentrations

Maximum Concentration Measured

Sample Description

Surficial soils
Surficial soils

Surficial soils

Surficial soils

Surficial soils
Surficial soils

Surficial soils
Surficial soils

Surficial soils
Surficial soils

Surficial soils
Surficial soils
Surficial soils

Surficial soils
Surficial soils

Surficial soils
Surficial soils
Surficial soils
Surficial soils

Surficial soils
Surficial soils

Surficial soils
Surficial soils
Surficial soils
Surficial soils

Antimony
359

32.8

11.7 UJ
6.1 UJ

13.1 UJ
14.6 UJ
13.2 UJ
4.1 U
4.1 U
4.0 U
4.2 UJ

12.8 UJ
6.1 UJ

19.1 UJ
21.2 UJ
61.5 U

102.0 U
6.1 U
4.0 U
3.9 U
5.6 U
4.2 U
4.0 UJ
3.9 UJ

67.8 U
5.7 UJ
5.8 UJ

Arsenic
1.43

54.2

3.3
3.8 U
5.0
4.7
9.3
9.8

13.6
16.7
8.4
5.4
7.8
3.3
3.9
5.4 J

18.4 J
16.1 J
15.2
15.3
123 J
12.1
4.9 J
6.4 J

17.5 J
6.8
4.2 U

Barium
61,612

188

770

137.0 J
87.8

186.0 J
95.6 J

325.0 J
151.0
770.0

224.0

189.0
144.0 J
288.0
157.0 J
155.0 J
183.0
189.0
272.0
206.0
141.0
157.0
156.0
138.0
154.0
390.0
129.0
96.8

Beryllium
0.58

1

2.90

1.40
0.81
0.52
0.86
1.60
0.93
130
140
0.76
0.88
130
0.89
0.08 U
0.07 U
0.26
1.40
150
1.70
1.20
0.21
0.76
1.10
0.20
1.00
0.67

Cadmium
448

918

45.3
129 J
36.6
43.5

112.0
65.6

108.0
163.0
6Z8
38.7
29.4 J
59.3
10.0
26.1 J

102.0 J
177.0
182.0
189.0
120.0
159.0 J

10.S
55.5
78.S J
22.0 J
19.1 J

Chromium
896,457

27.5

820

80.5
99.4
73.9
87.5

243.0

190.0
404.0
443.0

136.0
96.8 J

141.0 J
195.0 J
20.2 J

103.0 J
591.0 J
470.0

542.0
608.0

309.0
474.0 J

35.2
281.0
510.0 J
90.7 J
61.4 J

Cobalt
NC

7.1

i 3.3
4.4 UJ
2.2
2.5
3J
4.4
2.8

1.9
4.2
2.6
3.9 UJ
2 2
1.9
5.6
4.6
25
2.5
2.1
4.1

' 4.4
4.9
6.0
5.1
3.6 UJ
3.5 UJ

Copper
33,259

12.6

204

21.6
15.9 J
19.9
16.4
47.7
29.4 J
56.9 J
64.7 J
26.5
22.5
25.7 J
31.3
13.2
23.0
59.2
61.7
70.9 J
75.7 J
44.3
48.3
15.2
61.5
54.5
20.7 J
17.3 J

1 —

Lead
NC

29.1

157

33.9 U
24.1 J
23.2 J
32.3 J
95.0 J
45.1
69.5
57.3
29.3
27.6 J
29.2 J
61.3 J
10.9 J
16.8 J
60.9 J
55.8

109.0
35.8
30.5
80.1 J
14.3
76.1
57.6 J
27.1 J
0.86 J1

Manganese

4.475 '

482

367 J
361 J
350 J
295 J
288 J
287 J
251 J
279 J
314
302 J
391 J
213 J
322 J
510
358
307
278 J
224 J
345
306
376
431
397
382 J
368 J

Mercury
269

0.16

15.6

0.11
0.10 U
0.08
0.09
0.07
0.18 U
0.33 U
1.20
0.19 U
0.08
0.24 U
0.06
0.10
0.07
0.13
0.51
0.31 U
0.28 U
0.69
0.11
0.07 U
0.07 U
0.07
0.17 U
0.14 U

4,482

2.15

64.7

5.5 U
9.1
5.9 U
5.3 U

12.5 U
5.1 U

11.5
!4.8
2.8
6.7 U
1.7 U
8.2 U
5.9 U
9.0 U

17.9
13.4
17.2
19.1
8.7

11.2 U
1.3 U
8.7

17.6
1.6 U
1.6 U

Nickel
17,929

15.5

163

29.3
45.5
22.9
19.2
72.3
45.2
81.9
96.3
41.0
28.7
25.6
38.4
12.4
22.3

105.0
105.0
115.0
124.0
69.4
74.9
18.8
70.4
90.0
21.9
15.8

Silver
4,482

1.9

87.1

3.20
0.71 U
2.70
Z50
6.80
2.90
5.30
8.10
3.00 U
3.00
2.00 U
4.30
1.10
2.80
8.30
8.70
8.30

10.80
5.90
9.20
0.65
4.90
6.90
1.80 I
6.60

Thallium
71.72

29.7

0.30
0.41 J
0.26
0.42
0.77
1.00 J
1.93 J
3.00 J
1.00
0.42
0.63
0.37
0.15
0.08 J
3.60 J
2.40 J
2.90 J
3.50 J
0.73 J
0.72 J
0.29 J
0.31 J
3.90 J
0.52
0.22 U

===

Vanadium
6,275

1,000

151.0
28.3 J

133.0
124.0
425.0

222.0
463.0

559.0

180.0
167.0
163.0 J
257.0
65.4

133.0
630.0
555.0
649.0

713.0
364.0

527.0
48.8

281.0
550.0
97.0 J
21.1 J

===

Zinc
268,937 1

15,200 I

321 J
128 J
267 J
307 J
735 J
497
906

1,220
452
263 J
329 J
538 J
123 J
209 J
911 J

1,210
1,300
1,540

861
977 J
128
593
771 J

— !S-H164 J 1

Note: 1I) All concentrations are in mg/kg; bold type indicates value exceeds either KBC or background value if background value is higher than RBC.
(2) RI "Offsite Area" samples indicated above are within the FMC Subarea north of Highway 30 (north of the operating facilities).
(3) "Surficial" soils include soils from beneath asphalt and concrete pads, where samples were collected at a depth of less than 2 feet.
(4) Data qualifiers: U = undetected; J = estimated
(5) NC = Not calculated or not available
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FMC Subarea Section 2 Site Characterization

TABLE 23-3
FMC Subarea - Concentrations of Other Constituents Measured in Surface Soils

Sample ID Sample Location
F023B
P024B
F026B
F027B
F028B
FD29B
FD30B
F036B
F039B
F046B
F047B
P048B

P049B

P050B

F060B

F061B
F062B
FD91B
P092B
F101R

F104R
F105B
F106B
F107R
F108B
F109B

F110B
F111R
F112R
F113R
F114R
F115R
FI19R
F121R
F122R
F125B
F126B
F127B
F128B
F129B
F130B

F132B

Old Ponds 1C&2C
Old Pond 4E
Old Pond 6E
Active Landfill
Chem Lab Seepage Pit
Chem Lab Seepage Pit
IWW Ditch
Transformer Salvage Area
Railroad Swale
Septic Tank Area
Septic Tank Area
Septic Tank Area
Septic Tank Area
Calciner Pond Sedimem Drying Area
Area West of Mobile Shop
Area West of Mobile Shop
Long-term Phos Storage
Shale Ore Handling
Shale Ore Handling
Facility Roads

Facility Roads
Facility Roads
Facility Roads

Facility Roads
Facility Roads
Facility Roads

Facility Roads
Facility Roads
Facility Roads

Facility Roads
Facility Roads
Facility Roads
Facility Roads .
Facility Roads
Facility Roads
Facility Roads

Facility Roads
Calciner Pond Sediment Area
Calciner Pond Sedimem Drying Area
Slag Haul Road Near Furnace Bldg.
Calciner Fines Pile

Shale Handling Area

EPA Risk -based Concentrations (RBCs)

EPA Background Soil Concentrations

Maximum Concentration Measured

Sample Description
Sandy silt; light brown
Fill and brown silt
Silt; light yellow-brown
Silt; light brown
Silt; reddish-brown
Gravelly silt; yellowish-brown
Sandy gravel
Silt; light brown
Silty gravel; dark yellowish-brown
Silt; dark yellowish-brown
Topsoil; dark brown
Topsoil and silt; yellowish-brown

Silt; yellowish-brown
Clay/silt; red brown, with sand
Silt; dark brown, with gravel
Silt; dark brown, sandy, with gravel

Silt; tan brown
Silt; tan-red-brown, with gravel
Silty sand; red-brown to black, with gravel
Silty sand; dark brown, trace gravel
Gray slag
Fill; dark grayish-brown silt
Silt; tan brown

Slag gravel
Silt; tan, with gravel
Road surface; slag/gypsum/gravel
Silt; dark brown/black, with gravel
Silt; gray with slag (gravel)
Silt; gray with slag (slag coarse/fine)
Sandy silt; dark brown, trace gravel
Silt/sand; dark brown/gray, trace slag
Sandy silt; dark brown
Silt; red brown, fine (shale ore)
Silt/slag; gray
Clean fill; brown silt
Silt; tan, fine
Silt; tan, with gravel
Sludge; calciner pond sediments
Silt; tan, with gravel
Fill; gravel
Silty sand; tan

Gravelly silt

Aluminum
2,599,726

13,900

28,600

13,500 J
17,500
11.400
14,000

17,000
10,100
18,400 J
13,200
10,300
15,100
18,700
11,400

13,700
20,400

15,900

18,800
15,200
7,290
9,830

19300
16,500
10,000
15,300
28,600
17,400
18,000
20,600
22,700
23,400
19,700
16,600
12.300
11,300
22,800
15,500
14,200
12,800
14,300
18,200
22,300

5,760

10,900

Boron
80,636

12.8

4.380

23.4 J

54.6 U

8.8 UJ

13.7 U
44.6 J

7.1 UJ

73.6 J
16.1 UJ
95.0 J
16.0 UJ
22.0 UJ
16.7 J

18.4 UJ
1,550.0

49.0 J
61.2 J
24.7 J

5.8 J
68.1 J
42.5 J
76.7 J
44.6

21.4 UJ
94.1 J

25.1 J
15.3 J
55.7 J
96.3 J
82.0 J
84.1 J
91.5 J
64.8 J
62.7 J
84.6 J
20.0 UJ
14.6 UJ
36.0

4380.0
131.0
55.6

217.0

64.0

Fluoride
53.787

, 600

221.000

28,400
8,030
1,610

410
10,300
1,560

11,700
1,580

17,500
640
700

1,690
650

155,000
10,690
8,920
1,500
1,060

18,500
12,380
17,260
19,700
2,050

16,750
3,890
1,240
4.420

19,020
12,100
13,100 '
14,600
12,000
15,660
14,000
U50
2,180

6
221,000
62,600
13400
37,400

19,700

Iron
NC

14.400

17,500

9520 J
13,400

12.300
13,100
5,460

10,900
6,350 J

12,700
8,780

13,100
16,800
14,000
13,600
10,200
7,580
7.060

14,000
12300
10,800
12,000
9,980
6,990

12,600
3,670

12,200
16.800
9390
3,230
2,320
3,740
4340
8,410
9,230
2,890

13,100
14,800
15,000 J
6,410

17,500
3,250
3,830

7,890

Lithium
17,929

16.1

37.6

11.5 J
17.5 UJ
13.2
12.2 UJ
14.7
11.2
13.1 J
13.2
9.0

15.0 U
19.2
12.1
13.5
5.1 U

15.0
15.8
14.2 U
8.0 U

36.9
22.6 U
16.3 U
7.7 U

18.4

18.0 U
19.1
15.2
30.0
37.6
15.5 U
14.0 U
12.3 U
8.5 U

10.7 U
16.0 U
16.0
14.5 U
14.1
13.5 U
3.4 U

15.0
5.4

7.9

Magnesium
NC

22,000

14.200

10,000.0 J

9,570.0

13.400.0
13,400.0
5350.0

9,380.0
5,400.0 J
8,280.0
2,650.0

11,600.0 n

5,660.0
8,270.0
9,740.0
2,380.0
4,870.0
6,350.0

11,400.0
4,540.0
5,170.0
9,800.0
3,750.0
2,880.0

14,200.0

4,230.0

11,700.0

8,240.0

10,600.0
7,410.0 .
4,460.0

5,010.0

3,830.0
3,190.0
2,180.0
3,870.0
8380.0

11,000.0
12.7

5,760.0
1460.0
3,990.0
1,130.0

NA

Orthophosphate

NC

3.7

12.800

22.7
370.0
203.0

2.0
1.1

212.0
41.6

950.0
35.2 .
2.4

17.8

4.0
6.8

1,850.0

20.7

151.0

472.0

30.8

6.3
86.4

5.1
312.0

2.8
3.4
1.7

2.9
9.8
0.6
2.0
3.0
7.6

22.2
14.6

4.0

5.1
92.1

189.0
12,800.0 J

326.0 J
3.1

22.1

62.8

Total Phosphorus
NC

672

103,000

13,800.0
25,700.0

1,400.0

769.0
3,810.0
5,460.0

20,200.0
8,850.0

81,400.0
844.0

1,200.0
1,350.0

881.0
19,700.0
7,130.0

17,100.0
8,880.0
5,080.0

68,700.0

11,800.0
3,490.0

103,000.0

772.0
2,430.0

3,230.0
1.270.0
3,370.0
5,080.0
6,210.0

14,500.0 J
13,800.0
34,800.0
52400.0

5,140.0
4,320.0
1,340.0

1.7
64,800.0
15,100.0 J
4,390.0

69,300.0

69,000.0

Selenium
4.482

3.05

680.0

47.50

11.30 U
0.25 UJ
0.92 UJ
1.40

0.29 UJ
6.20
1.80 UJ
8.70 J
3.00 UJ
2.00 UJ
2.10 J
1.10 U

680.00
2.50 U
3.00 U
2.90 U
2.40 J
6.90 J
6.40
2.80 U
9.10 J
2.20 U
2.70
1.80 UJ
2.10 UJ
1.20
5.30
4.70 UJ

5.20 UJ
8.30 J
8.30 J

10.10
6.40 J
1.40 U
2.60 U

120.50
376.00
73.90

3.10
4.90

7.30

Gross Alpha

NC

24.7 (4)

334

53.1 J

95.3

15.2

21. 1
55.0
25.7

171.0 J
31.7 J

216.0
18.5
22.1
85.8
54.8
137

130.0
159.0

17.7
186.0
35.9
88.8

177.0
281.0 J

15.5
234.0

41.0

30.2
28.5 J

334.0
149.0
145.0
177.0
151.0
226.0
129.0
38.2
29.9

253.0
84.2
63.9
62.4

126.0

113.0

Gross Btta
NC

31.4(4)

474

38.8
113.0
22.6
20.0
48.3
35.1
67.3
39.3
76.1
30.5
26.4
36.5
37.0

133.0
56.7

116.0
27.6
65.1
28.7
77.1
82.4

108.0

23.0
88.4

27.8
32.4
28.4 J

125.0

76.8
79.8
78.8
81.4
96.0
65.6
34.1
33.2

474.0
81.5
61.7
35.3
59.5

69.6

Notes: (}) All concentrations are in mg/kg; activities are given in pCi/g; bold type indicates value exceeds either RBC or background value if background value a higher than RBC.
(2) "Surficial" soils include soils from beneath asphalt paving where samples were collected at a depth of less than 2 feet.
(3) Data qualifiers: U = undetected; J = estimated.
(4) No EPA derived level: levels shown were derived by the Companies.

(5) NA = Not analyzed; NC = Not calculated or not available.
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FMC Subarea Section 2 Site Characterization

TABLE 23-3 (continued)
FMC Subarea - Concentrations of Other Constituents Measured in Surface Soils

Sample ID Sample Location

000-1A

000-1B
023-1 A
023- IB
045-1 A
045-1A01
045-1A02
045-1A03
045-1 A04

045-1 B

068-IA
068-1B
068-1C
270- ID

293-1 A

293-1A01
293-1A02
293-1 A03
293-1 ACM

293- IB

293-1B03
293-1 BOS
315-1A
338-1 A
338-1 B

Rl."Offsile Area"

Rl "Offsile Area"

RI "Offsite Area"
RI "Offsite Area"
RI "Offsite Area"

RI "Offsite Area"
RI "Offsite Area"
RI "Offsite Area"
RI "Offsite Area"
RI "Offsite Area"
Rl "Offsite Area"
RI "Offsite Area"
Rl "Offsite Area"

Rl "Offsite Area"
RI "Offsite Area"
RI "Offsite Area"
RI "Offsite Area"

LJU "Offsite Area"
RI "Offsite Area"

RI "Offsite Area"
RI "Offsite Area"
RI "Offsite Area"

RI "Offsite Area"
RI "Offsite Area"
Rl "Offsite Area"

EPA Risk-based Concentrations (RBCs)

EPA Background Soil Concentrations

Maximum Concentration Measured

Sample Description
Surficial soils

Surficial soils
Surficial soils
Surficial soils

Surficial soils
Surficial soils
Surficial soils
Surficial soils

Surficial soils
Surficial soils
Surficial soils
Surficial soils
Surficial soils
Surficial soils
Surficial soils
Surficial soils
Surficial soils
Surficial soils
Surficial soils
Surficial soils
Surficial soils
Surficial soils
Surficial soils
Surficial soils
Surficial soils

Aluminum

2,599,726

13.900

28,600

12,800 i
10,800

12,900 J
8,770 J

13,200 J

13,600
14,900

13,400
13,100

12,400 J
16,900
12,000 J

10,800 J
13,000 J
14,500 J
14.300

• 14,300
15.900

16,400
13,500 J
11,500

16,700
14,000 J
15,300
12,400

Boron

80,636

12.8

4,380

1.3 U
2.9
5.8
3.2
2.9

29.7
51.3
38.4
17.9 J
2.0
3.9
4.6
8.8
3.3 J
5.2 J

40.2
47.8

67.7
32.6
6.1 J

10.4
24.4

2.0 J
3.3
2.5

fluoride
53.787

600

221.000

3,450

1,490
3,420

2,500
9,880

6,020
12,600
16,900

5,350
3,130
4,780
6,730

1,040
1.870

9,700

13,000
164

18,600
8,940
8.980
1,230

6,290
8,600

2,600
2.010

Iron
NC

14.400

17.500

13100 J

13400 J
11300 J

9530 J
12200 J
10700
11500
8720

10900
10200 J
15900 J

11,600 J
10,700 J
12200
II 000
.9620
9920
8400

11700
9330

11900
14700

10200
|_ 14200 J

12800 J

Lithium

17,929

16.1

37.6

11.7
11.4
11.2

7
9.8

12.8

10.1

9.3
11.3
11.7
14.2

9.1
10.9

9
8.2

9
9.7

11.1
12.2

7.2
11.4

13.1

7.5
16.7
12.8

Magnesium
NC

22,000

14,200

NA
NA
NA
NA
NA

9,590
5,020
4,020
9,690
4,140

NA
NA
NA
NA
NA

4,140

4,060
3,590
5,770

NA
7,450
8,090

NA
NA
NA

Orthophosphate

NC

3.7

12.800

5.00
2.80
6.70
8.00

65.10
1.11

75.40
21.00
10.40

10.20

24.90
39.40
35.30
52.40
19.10
17.20

14.10

18.10

9.20

25.90
4.10
7.00

12.60

1.80
3.80

Total Phosphorus

NC

672

103,000

12.200
3,050

11,700

11,400
40,400
15,900
40,000

52,600
16,900
19,100
17,600
28,100

3,970

6,910
30,100
49,800
51,500
45,400

7.8,900
?.6,300
3.900

11,500
42,400
3,880
4,690

Selenium

4.482

3.05

680.0

2.1
1.7 U

1.1
2.6
4.1
3.4
6.6
6.6

2
2.5
3.1 U
2.6

0.35 U

1.2 J

5.7 J

6.7
4.6

10.9
4.3

5
0.65
2.5
3.2 J
2.7 U
1.9 U

Gross Alpha
NC

24.7 (4)

334

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Gross Beta

NC

31.4(4)

474

NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Notes: (1) Alt concentrations are in mg/kg; activities are given in pCi/g; bold type indicates value exceeds either RBC or background value if background value is higher than RBC.
(2) Rl "Offsite Area" samples indicated above are within the FMC Subarea north of Highway 30 (north of the operating facilities).
(3) "Surficial" soils include soils from beneath asphalt paving where samples were collected at a depth of less than 2 feet.
(4) Data qualifiers: U = undetected; J = estimated.

(5) No EPA derived level; levels shown were derived by the Companies.
(6) NA = Not analyzed; NC = Not calculated or not available.
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FMC Subarea Section 2 Site Characterization

The surface soils/solids were screened to determine which constituents may be of potential
concern in the FS based on the following criteria:

• All constituents which were not measured above the respective EPA background soil level or
above EPA calculated RBCs were eliminated from further consideration.

• All constituents which are known to be essential nutrients and for which no RBC exists were
eliminated from further consideration.

Based on this initial screening process, arsenic, beryllium, cadmium, fluoride, and certain
radionuclides were retained for further evaluation. These constituents are discussed in detail.

Arsenic

The RBC for arsenic in soil is 1.43 mg/kg. The concentrations of arsenic measured in surficial
soils in the FMC Subarea are shown in Table 2.3-4. The EPA background level for arsenic in
soils is 7.7 mg/kg, significantly higher than the RBC. This evaluation focuses on areas where
arsenic concentrations were above EPA background concentrations.

Arsenic concentrations were measured above EPA background concentrations in 25 of the 65
samples collected. For 19 of these 25 sample locations, the next sample analyzed below the
surface sample was below EPA background concentrations, and at an additional 2 locations,
samples at a depth of 5 feet were below EPA background concentrations. Three of the
remaining locations (F105B, F114R and F119R) are samples along facility roads, and were only
sampled to a depth of two feet. Sample descriptions indicate that these samples contain a
mixture of byproducts or feedstock and soil. Samples taken to a depth of 10 feet at location
F050B, adjacent to old calciner Ponds 1C and 2C, were all above EPA background
concentrations. Based on other constituents in these samples, they probably represent old
calciner pond solids. As shown on Table 2.3-5, a sample from nearby boring F023B was below
EPA background concentrations at a depth of 10 feet and in all samples from greater depths
within the boring. In boring F128B, all samples from ground surface to a depth of 100 feet were
below EPA background concentrations for arsenic.

Based on this analysis, arsenic is present at slightly above EPA background concentrations in
isolated areas within the FMC Subarea. Where the concentrations are the highest, they are
associated with fill composed of mixed soil and either byproducts or feedstock. Except for
boring F050B, which appears to have been drilled in old calciner pond solids, concentrations of
arsenic above EPA background decline rapidly with depth below ground surface.
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TABLE 23-4
FMC Sahara - Arsenic Concentrations Measured in Surface Soils

I EPA Background Soil Concentrations

EPA Risk-based Concentrations (RBCt)

I MaTt|piiiit Contxumiton Measured

Sample ID Sample Location Sample Description
F105B
PI27B
F115R

293-1A
315-1A
045-1A03
293-IA01
F050B
293-1A03
293-1A02
F092B
045-1A02
293-1A04
F039B
293-1B
F023B
F132B
F114R
Flint
04S-1A01
F024B
04S-1A
F030B
045-1A04
068-1A
F12SB
338-1A
293-1B05
F110B
F026B
045-1B
F113R
F121R
270-1D
023-1A
293-1B03
023-1B
F10SB
F091B
068-1C
F109B
P049B

F112R
000-1A
06S-1B
F048B
F130B
F129B

P126B
F122R
F028B
F029B
F046B
F106B
F047B
F125B
338- IB
F027B
000-1B
F036B
FI01R
F060B
P062B
F107R
P111R
F061B
F104R

Facility Roads
Calciner Pond Sediment Area
Facility Roads
RI "Offcite Area"

. RI "Offcite Area"
RI "Offcite Area"
RI-OfbiteArea"
Calciner Pond Sediment Drying Area
RI "Offcite Area"
RI "Of&ite Area'
Shale Ore Handling
RI "Offcite Area"
RI "Offcite Area-
Railroad Swale
RI "Offcite Area"
Old Ponds 1C &2C
Shale Handling Area
Facility Roads
Facility Roads
RI "Offcite Area"
Old Pond 4E
RI"Of&iieArea"
IWWDitcb
RI"OffciieArea"
RI "Offcite Area"
Calciner Pond Sediment Drying Area
RI "Offcite Area"
RI "Of&ite Area"
Facility Roads
Old Pond 6E
RI "Of&ite Area"
Facility Roads
Facility Roads
RI "Of&ite Area"
RI "Of&ite Area"
RI -Of&ite Area"
RI "Of&ite Area"
Faciliry Roads
Shale Ore Handling
RI "Of&ite Area"
Facility Roads
Septic Tank Area
Facility Roads
RI -Of&ite Area"
RI "Of&ite Area-
Septic Tank Area
Calciner Fines Pile
Slag Haul Road Near Furnace Bldg.
Facility Roads
Facility Roads
Cbon Lab Seepage Pit

Cbem Lab Seepage Pit
Septic Tank Area
Faciliry Roads
Septic Tank Area
Facility Roads
RI "Of&ite Area-
Active Landfill
RI "Offcite Area"
Transformer Salvage Area
Facility Roads
Area West of Mobile Shop
Long-term Pbos Storage
Facility Roads
Facility Roads
Area West of Mobile Shop
Faciliry Roads

Fill; dark grayish-brown silt
Sludge; calciner pond sedimeius
Sandy fill; dark brown
Surficial Soils
Surfjdal Soils

Surficial Soils
Sirtdal Soils
Clay/sot; red brown, with sand
SurfictslSoDs
Surficial Soils
SQty *^nA< red-brown to black, with gravel
Surficial Soils
Surficial Soils
Silly gravel; dark yellowish-brown
Surficial Soils
Sandy nl£ light brown
Gravelly tilt
Sitt/iand; dark brown/gray, trace slag
Silt; red brown, fine (shale ore)
SarEcial Soils
Fill and brown silt
Surficial Soils
Sandy gravel
Surficial Soils
Surficial Soils

Sib; tan, with gravel
Surficial Soils
Surficial Soils
Silt; dark brown/black, with gravel
Silt; light yellow-brown
Surficial Soils
Sandy silt; dark brown, trace gravel
SiHWag; gray
Surficial Soils
Surficial Soils
Surficial Soils
Surficial Soils
Silt; tan, wife gravel
Silt; tan-red-brown, with gravel
Surficial Soils
Road surface; ilag/gypsutn/gravel
Silt; yellowish-brown
Silt; gray win) ilag (slag coarse/fine)
Surficial Soils
Surficial Soils
Topuil and sue yellowish-brown
Sflty und; tan
Fin; gravel
Sih; on, widi gnvel
dean fiu; brown silt
Silt; reddish-brown
GraveUy tilt; yellowish-brown
Silt; dark yellowish-brown
Silt; bn brown
Topsoil; dark brown
SUt; tan, fine
Surficial Soils
Silt; light brown
Surficial Soils
Silt; light brown
Silty sand; dark brown, trace gravel
Silt; dark brown, with gravel
Silt; tan brown
Slag gravel
Silt; gray with slag (gravel)
Silt; dark brown, sandy, widi gravel
Gray slag

Arsenic
7.7

1.43

54.2

54.2 J
27.1
25.6
18.4 I

17.5 J
16.7

16.1 I
15.8
153
15.2
15.2
13:6

123 J
12.2
12.1
12.1 J
11.1
10.8
10.5
9.8
9.4 J

9J
9.0 J
8.4
7.8
7.2
6.8
6.4 I
6.0 J
5.9 J
5.4
5.4
5.4
5.4 J
5.0
4.9 J
4.7
4.5
4.4
3.9
3.5
3.5
3.4
3.3
3.3
2J
1.9
0.9
7.0 ID
5.7 U
5.4 U
5.2 UJ
5.1 ID
4.9 U
4.4 in
4.3 U
4.2 U
4.0 U
3.8 U
3.7 ID
3.2 U
3.0 U
3.0 U
2,9 U
2.7 U
2.6 U
1.7 U

Above EPA RBC, and
Background Levels

Undetected



FMC Subarea Section 2 Site Characterization

TABLE 2.3-5
FMC Subarea - Arsenic Concentration Profiles with Depth

in the Vicinity of Old Calciner Ponds 1C and 2C

Sampling Depth

(feet)
0
2
5
7
10
15
20
25
30
35
40
50
60
70
80
100

Sampling Locations

F050B
15.8
16.8
152
14.0
18.1

—
—
—
—
—
—.

—• —

—
—

F023B
12.1J

—
—
—

7.1 J

—
6.4 UJ

—
5.4 UJ

—
5.5 UJ
5.4 UJ
3.6 UJ

—
—
—

F128B
7.2

—
—
—
6.3
—
3.5

—
1.8
—
3.1
1.4
3.1
2.0
1.3
1.9

Notes: (1) Concentrations are in mg/kg.
(2)"— " No sample collected at this depth.
(3) EPA Background level for arsenic is 7.7 mg/kg.
(4) RBCfor arsenic is 1.43 mg/kg.

Beryllium

The concentrations of beryllium measured in surficial soils in the FMC Subarea are shown in
Table 2.3-6. The RBC for beryllium in soils is 0.584 mg/kg. The EPA background level for
beryllium in soils is 1 mg/kg.

Beryllium concentrations were measured above EPA background concentrations in 33 of the 65
samples collected. For 22 of these 33 sample locations, the next sample below the surface
sample had concentrations below EPA background concentrations, and at an additional two
locations, samples at a depth of 5 feet were below EPA background concentrations. Eight of the
remaining locations (F060B, F101R, F104R, F105B, F107R, F111R, F119R and F121R) are
samples along or adjacent to facility roads, and were only sampled to a depth of two feet.
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TABLE 23-6
FMC Sobarta - Beryllium Concentrations Measured in Surface Soils

EPA Background Sofl Concentrations

EPA Risk-based Concentrations (RBCs)

Maximum Concentration Measured

Sample ID Sample Location Sample Description

F039B

F092B

FI19R

F104R

F107R

F121R

F111R

F115R

F132B

F105B

F113R

F127B

F129B

293-1A03

F030B

F112R

F114R

045-1A

293-1A02

F108B

000-1A

045-1A03

293-1A01

F061B

045-1A02

068-1A

F028B

F060B

F130B

293-1A04

FtOIR

293-1B05

F109B

338-1A

F047B

F106B

045-1A01

F126B

068-1B

(MS-IB

023-1B

F046B

F122R

000-1B

F091B

P048B

045-1A04

293-1B03

F023B

F125B

F03SB

F026B

F027B

F128B

338-1B

F029B

023-1 A

FOSOB

F024B

293-1A

293-1B
315-1A

F110B

F049B

F062B

068-1C
270- ID

Railroad Swale

Shale Ore HanHlmg

Facility Roads

Facility Roads

Facility Roads

Facility Roads

Facility Roads

Facility Roads

Shale Handling Area

Facility Roads

Facility Roads

Calciner Pond Sediment Area

Slag Haul Road Near Furnace Bldg.

RI"OffsiteArea"

IWW Ditch

Facility Roads

Facility Roads

RI-OffsiteArea"

Rl-Oftsite Area-

Facility Roads

RrOftsiteArea-

RI "Oftsite Aiea"

Rl-Offcite Area-

Area West of Mobile Sbop

RI "Oftsite Area"

RI "Oftsite Area"

Chan Lab Seepage Pit

Are* West of Mobile Sbop

Calciner Finei Pile

RI"OftsiteArea"

Facility Roads

RI "Oftsite Area"

Facility Roads

RI "Oftsite Area*

Septic Tank Area

Facility Roads

RI "Oftsite Area*

Facility Roads

RI"OftiiteArea"

RI"OftsileArea"

RI "Offsite Area-

Septic Tank Area

Facility Roads

RI "Oftsite Area-

Shale Ore Himitimp

Septic Tank Area

RI "Offeite Area"

RI"OKsite Area-

Old Ponds 1C &2C

Facility Roads

Transformer Salvage Area

Old Pond 6B

Active Landfill

Calciner Pond Sediment Drying Area

RI "Oftsite Area"

Chem Lab Seepage Pit

RI "Oftsite Area"

Calciner Pond Sediment Drying Area

Old Pond 4E

RI "Oftsite Area"

RI "Oftsite Area"
RI "Oftsite Area"

Facility Roads

Septic Tank Area

Long-term Pbos Storage

RI "Oftsite Area"
RI "Oftsite Area"

Sihy gravel; dark yeUowisb-brown

Silly sand; red-brown to black, vim gravel

Sift; red brown, fine (shale ore)

Gray flag
Slag gravel

Sflrtlag; gray

Silt; gray with slag (graveO

Sandy silt; dark brown

Gravelly «ilt

Fill; dark grayisb-brown silt

Sandy silt; dark brown, trace gravel

Sludge; calcincr pond sediments

FBI; gravel

Sur&ial Soils

Sandy gravel

Silt; gray with slag (slag coarse/fme)

Silt/sand; dark brown/gray, trace slag

Surfidal Soils

Surficial Sous

Silt; tan, vim gravel

Surficial Sous

Surficial Soils

Surficial Soils

Silt; dark brown, sandy, with gravel

Surficial Safe

Surficial Soils

Silt; reddish-brown

Silt; dark brown, with gravel

Silty sand; tan

Surficial Soils

Silty sand; dark brown, trace gravel

Surficial Soils
Road surface; ilag/gypsum/gravel

Surficial Soils

Topsoil; dark brown

Silt; an brown

Surficial Soils

SUt; tan, with gravel

Surficial Soils

Surficial Soils

Surficial Soils

Silt; dark yellowish-brown

Clean fill; brown silt

Surficial Soils

Silt; cm-red-brown, with gravel

TOTBOO and sflt; yellowish-brown

Surficial Soils
Surficial Soils

Sandy tilt; light brown

Silt; tan, fine

Silt; tight brown

Silt; tight yellow-brown

Silt; light brown

Sib; on, with gravel

Surficial Soils

Gravelly silt; yeUowisb-brown

Surficial Soils

Clay/silt; red brown, with sand

Fill and brown silt

Surficial Soils

Surficial Soils
Surficial Soils

Silt; dark brown/black, with gravel

Silt; yellowish-brown

Silt; tan brown

Surficial Soils

Surficial Soils

BeryDinm

1

0.58

2.9

2.9
2.7
2-7
2.6
2.5
2J
10
2.0
2.0
1.9
1.8
1.8
1.8
1.7

1.7
1.7
1.7

1.6

1.5

U
1.4

1.4

1.4

1.4

1.3

1.3
1.3
1-3
1.3
1.2
1.2
1.1
1.1
1.0
1.0

0.96

0.93

0.93

0.89

0.88

0.86

0.82

0.82

0.81

0.81
0.77

0.76

0.76

0.76

0.76

0.71

0.70

0.70

0.68

0.67

0.63

0.52

0.49

0.30

0.26

0.21
0.20

1.50 U

0.43 U

0.22 U

0.08 U
0.07 U

Above EPA RBC and Background Level

Undetected
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FMC Subarea Section 2 Site Characterization

Sample descriptions indicate that these samples contain a mixture of byproducts or feedstock and
soil. At location F130B, samples at the ground surface and at a depth of 10 feet are slightly
above EPA background concentrations (1.3 and 1.5 mg/kg, respectively), but are at EPA
background concentrations at a depth of 20 feet.

Of the 65 samples analyzed, only six are more than two times background concentrations
(2 mg/kg), and none are three times background concentrations. With the exception of location
F130B, concentrations of beryllium in site soils decline rapidly with depth to below EPA
background. Based on this analysis of 65 surface samples, beryllium in soils within the FMC
Subarea is not expected to be a significant issue in the FS..

Cadmium

The RBC for cadmium in soil is 448 mg/kg. The EPA background level for cadmium in soils is
1.9 mg/kg. The concentrations of cadmium measured in surficial soils in the FMC Subarea are
shown in Table 2.3-7.

Cadmium concentrations were measured above the RBC concentrations in two of the 65 samples
collected. One sample, F024B, was taken in former Pond 4E, and probably represents residual
dried precipitator slurry solids, or a mixture of precipitator slurry solids and soil. As shown in
Table 2.3-8, cadmium was below EPA background in the next sample taken at a depth of 10
feet, and in all remaining samples in this boring. The other sample, F127B, taken in the calciner
pond solids area, had cadmium concentrations measured above the RBC. Cadmium was below
EPA background in the next sample at a depth of 5 feet, and in all remaining samples in the
boring. Based on this analysis of 65 surface samples, cadmium in soils within the FMC Subarea
is not expected to be a significant issue in the FS.

Fluoride

The concentrations of fluoride measured in surficial soils in the FMC Subarea are shown in
Table 2.3-9. The RBC for fluoride in soils is 53,787 mg/kg. The EPA background level for
fluoride in soils is 600 mg/kg.

Fluoride concentrations were measured above the RBC concentration in three of the 65 samples
collected. At one of these sample locations, the next sample below the surface sample had
concentrations below EPA background concentrations, and at another location, the next sample
below the surface sample had concentrations below the RBC (Table 2.3-10). All three samples
(locations F050B, F127B, and F128B) are from former or current calciner pond solids drying
and storage areas. Data from soil samples at these locations indicate some subsurface migration
of fluoride has occurred in these areas, but it appears to attenuate within the soil column.
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TABLE 23-7
FMC Subarea - Cadmium Concentrations Measured in Surface Soils

EPA Background Soil Concentrations

EPA Risk-bawd Concentrations (RBCs)

Maximum Conccniration Measured

Sample ID Sample Location Sample Description
F024B
F127B
F101R
F115R
293-1A03
F050B
293-1A02
293-1A01
045-1A03
F10SB
293- IB
F061B
F132B
293-1A04
045-1A
045-1A02
F039B
293-1A
F119R
F030B
F092B
315- IA
F130B
F128B
045-1A01
F114R
04S-1A04
068- IB
293-1B05
F11IR
F121R
000-1 A
023- IB
045-1B
023- IA
F023B '
F113R
F110B
068-1A
270-1D
338-1A
F060B
338-1B
F112R
F126B
000-1B
F104R
2 93-1 603
F129B
068-1C
P108B
F036B
F029B
F107R
F091B
F122R
F106B
F109B
P047B
F125B
P028B
F026B
F04«B
F048B
F049B
F062B
F027B

Old Pond 4E
Calciner Pond Sediment Area
Facility Roads
Facility Roads
Rl -Offcite Area"
Calciner Pond Sediment Drying Area
Rl "Offsite Area"
Rl "Offsite Area-
Rl"OffciteArea"
Facility Roads
Rl "Offcite Area"
Area West of Mobile Shop
Shale Handling Area
RI"OffciteArea"
Rl "Offsite Area"
Rl -Offcite Area-
Railroad Swale
Rl "Offsite Area"
Facility Roads
IWW Ditch
Shale Ore Handling
Rl "Ornate Area"
Calciner Fines Pile
Calciner Pond s**Hnn*nt Drying Area
Rl "Offcite Area-
Facility Roads
Rl "Offcite Area"
Rl "Offeite Area-
Rl "Offcite Area"
Facflity Roads
Facility Roads
RI-OffciteArea"
RI-OffcitcArea-
RI-Of&iteArea-
Rl-Offcite Area-
Old Ponds 1C &2C
Facility Roads
Facility Roads
Rl "Offcite Area"
Rl "Offcite Area-
Rl "Offeite Area-
Area Wen of Mobile Shop
Rl -Offeite Area-
Facility Roads
Facility Roads
Rl "Offcite Area"
Facility Roads
Rl "Offsite Area-
Slag Haul Road Near Furnace Bldg.
Rl -Of&ite Area-
Facility Roads
Transformer Salvage Area
Cbem Lab Seepage Pit
Facility Roads
Shale Ore Handling
Facility Roads
Facility Roads
Facility Roads
Septic Tank Area
Facility Roads

Cbem Lab Seepage Pit
Old Pond 6E
Septic Tank Area
Septic Tank Area
Septic Tank Area
Long-term Phos Storage
Active Landfill

Fill and brown tHi
Sludge; calciner pond «*<"n>nM

Silly sand; dark brown, (race gravel
Sandy silt; dark brown
Surficial Soils
Clay/silt; red brown, with tand
Surficial Soils
Surficial Soils
Surficial Soils
Fill; dark grayish-brown tilt
Surficial Soils
Silt; dark brown, sandy, with gravel
Gravelly tilt
Surficial Soils
Surficial Soils
Surficial Soils
Silty gravel; dark yellowish-brown
Surficial Soils
Sill; red brown, fine (shale ore)
Sandy gravel
Silty sand; red-brown to black, with gravel
Surficial Soils
Silty sand; tm
Silt; tan, with gravel
Surficial Soils
Silt/sand; dark brown/gray, trace slag
Surficial Soils
Surficial Sofls
Surficial Soils
SOT; gray with slag (gravel)
Silt/slag; gray
Surficial Soils
Surficial Soils
Surficial Soils
Surficial Soils
Sandy tilt; light brown
Sandy tilt; dark brown, trace gravel
Silt; dark brown/black, with gravel
Surficial Soils
Surficial Sous
Surficial Soils
Silt; dark brown, wirh gravel
Surficial Soils
Silt; gray witb >lag (slag coarse/fine)
Silq tan, with gravel
Surficial Soils
Graytlag
Surficial Soils
HT1; gravel
Surficial Soils
Silt; tan, wirh gravel
Silt; light brown
Gravelly tilt; yellowish-brown
Slag gravel
Silt; tan-red-brown, wife gravel
dean fill; brown silt
Silt; tan brown
Road surface; slag/gypsum/gravel
Topsoil; dark brown
Silc tan, fine

Silt; reddish-brown
Silq light yellow-brown
Silt; dark yellowisb-browa
Topsoil and silt; yellowish-brown
Silt; yellowish-brown
Silt tan brown
Silc light brown

Cvdmlnm

1.9

448

918

918.0
616.0
340.0
194.0
189.0
184.0
182.0
177.0
163.0
159.0
159.0 J
125.0
124.0
120.0
112.0
108 X)
104.0
102.0 J
98.9
87.7 J
83.3
78.8 J
77.7
68.1
65.6
64.0
62.8
593
555
55.4
503
453
43.5
38.7
36.6
36.2 J
35.9
32.8
29.4 J
26.1 J
22.0 J
21.4
19.1 J
17.7
13.8
12.9 J
12.6
10.8
10.6
10.0
8.8
8.4
7.3
7.2
7.1
6.0
5.4
3.0
2.7
2.6
1.3
0.7
1.2 U
1.1 U
1.1 U
1.1 U
1.0 U

Above EPA RBC Level

Above EPA Background Level

Undetected



FMC Subarea Section 2 Site Characterization

TABLE 23-8
FMC Subarea - Cadmium Concentration Profiles with Depth

Where Concentrations Exceed EPA RBCs at the Surface

Sampling Depth
(feet)

0
5
10
15
20
25
30
35
40
50
60
70
75

Sampling Location
F024B
918.0

1.1

1.0

1.0

1.2
1.3
1.1
1.0
1.2

Sampling Location
F127B

616
0.73

0.42

0.51

0.97

Notes: (1) Concentrations are in mg/kg
(2) EPA site-based RBC for cadmium is 448 mg/kg
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TABLE 23-9
FMC Subarca - Fluoride Concentrations Measured in Surface Soils

EPA Background Soil Concentrations

EPA Risk-based Concentrations (RBCs)

Maximum Concend'anon Measured

Sample ID Sample Location Sampk Dacrtptloo
FI27B

F050B
F128B

F130B
F023B
F10SB

P132B

P111R
293-1A03

F092B
F039B
F104R
045-1A03

F107R
F119R
F114R
F121R

F129B
F113R
29J-1A01
045-1A02
F101R
F112R
F115R
F030B
F060B
F028B
045-1A

293-1A
293-1B
293-1A04
F061B
315-1A
F024B

068-1B
293-1BOS
045-1A01
M5-1A04
068-1A

F110B
P10SB
000-1A
023-1A
045-IB
338-1A

023-1B
F125B
F106B
338-1B
270- ID
F04SB

F026B
F036B

F029B
P062B
000- IB
F122R

F109B
293-1B03

F091B
068-1C
F047B
F049B
F046B

F027B
293-1A02
F126B

Calciner Pond Sediment Area

Calcinfr Pond Sediment Drying Area
Calciner Pond Sediment Drying Atea

Calciner Fines Pile

Old Ponds 1C &2C
Facility Roads

Shale Handling Area
Facility Roads
RI -Offsite Area"

Shale Ore Handling
Railroad Swale

Facility Roads

RI-OffciteArea"
Facility Roads

Facility Roads
Facility Roads
Facility Roads

Slag Haul Road Near Furnace Bldg.
Facility Roads

RI -Offcite Area"
RI "Offsite Area"

Paciliry Roads
Facility Roads

Paciliry Roads
IWW Ditch

Area West of Mobile Sbop
Cbem Lab Seepage Pit
RI "Offcite Area"

RI -Ofbite Area"
RI -Offsite Area"

RI-OffsiteArea"
Area West of Mobile Shop
RI "Ofbite Area"
Old Pood 4E

RI "Offcite Area'
RI-OffciteArea-
RTOffcileArea"
RI "Offcite Area"
RI "Offcite Area"
Facility Roads
Facility Reads

RI'OffciieArea"
RI-OffciteArea-
RI -Offeite Area"

RI "Offsiti: Area"
RI-Of6ite Area-

Facility Roads
Facility Roads

RI-OffciteArea-
RI-OffciteArea"
Septic Tank Area

Old Pond 6E

Transformer Salvage Area
Cbem Lab Seepage Pit
Long-term Phos Storage
RI -Offcite Area-

Facility Roads

Facility Roads
RI "Of fsite Area-
Shale Ore Handling
RI "Offcite Area-

Septic Tank Area
Septic Tank Area
Septic Tank Area

Active Landfill
RI "Offcite Area-
Facility Roads

Shidge; Calciner pond sedimeno

Clay/silt; red brown, with land
Silt: tan, with gravel

Silly tamt tan

• Sandy silt; light brown

Fill; dark grayish- brown tilt
GraveDynll

Silt; gray with slag (gravel)

Surficial Soils
Silty sand; red-brown to black, wirh gravel

Silty gravel; dark yellowish-brown
Grayilag
Surficial Soils

Slag gravel
Silt; red brown, fine (shale ore)

Silt/sand; dark brown/gray, trace slag
Silt/slag; gray

Fat gravel

Sandy silt; dark brown, trace gravel
Surficial Soils
Surficial Soils

Silty sand; dark brown, trace gravel
Sill; gray with slag (tlag coarse/fine)

Sandy silt; dark brown
Sandy gravel
Silt; dark brown, with gravel

Silt; reddish-brown
Surficial Sous
Surficial Soils
Smfioal Soils

Surficial Soils
Silt; dark brown, sandy, with gravel
Surficial SaOs
Fill and brown silt
Surficial Soils
Surficial Soils
Surficial Soils
Surficial Soils
Surficial Soils

Silt; dark brown/black, wirh gravel
Silt tan, with gravel
Surficial Soils
Surficial Soils
Surficial Soils
Surficial Soils

Surficial Soils
Silt; on, fine

Silt; tan brown
Surficial Soils

Surficial Soils
Topsofl and silt; yeDowbb-brown
Silt; light yellow-brown
Silt; light brown

Gravelly silt; yellowish-brown

Silt; can brown
Surficial Soils

Clean fill; brown silt

Road surface; slag/gypsum/gravel
Surficial Soils
Silt; tan-red-brown, with gravel

Surficial Sofls
Topsoil; dark brown
Silt; yellowish-brown
Silt; dark yellowish-brown

Silt; light brown
Surficial Soils
Silt; tan, with gravel

Fluoride

600

53,787

221,000

221,000

155,000
62,600

37,400
28,400

19,700

19,700
19,020
18,600

18,500
17,500
17.260

16,900

16,750
15.660
14.600

14,000
13,500
13,100
13,000
12,600
12,380

12,100
12,000
11.700
10,690
10,300

9,880
9,700
8,980
8,940
8.920
8,600
8,030
6,730
6,290
6,020
5.350

4,780
4,420
3,890
3,450
3,420
3,130
2,600
2^00

2,180
2,050
2,010
1,870
1,690
1,610

1,580
1,560
1,500
1,490
1,250
1,240
1,230
1,060
1,040

700
650
640

• 410
164

6

Above EPA RBC Level

Above EPA Background Levels
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FMC Subarea Section 2 Site Characterization

TABLE 23-10
FMC Subarea - Fluoride Concentration Profiles with Depth

Where Concentration Exceeds EPA RBC at the Surface

Sampling Depth

(feet)
0

2

5

7

10

15

20

25

30
35
40
50
60

70

80

100

Sampling Locations

F050B
155,000

254,000

269,000

157,000

128,000

—
...

...

_.

...

—
—
...

—
—

—

F127B
221,000

...

500

—
__

470
_.

530

—
420
_.

...

—

—

—

—

F128B
62,600

—
—

—
25,000

—
2,880

—
2,092

—
3,030

340

190

180

600

890

Notes: (I) Concentrations are in mg/kg
(2) "—"No sample collected at this depth
(3) EPA site-based RBC for fluoride is 53,787 mg/kg
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Section 2 Site Characterization FMCSubarea

Radionudides

In the RI, soils within the fenceline of the FMC facilities were analyzed only for gross alpha and
gross beta. Surficial soils classified as "offsite" (beyond the fenceline of the operating facilities)
were analyzed for lead-210, polonium-210, potassium-40, and uranium-238. The RI
(Section 4.2) states:

"The primary alpha emitters in the facility soil samples are assumed to be
uranium-238, uranium-234, thorium-230, radium-226 and polonium-210; the
primary beta emitters are assumed to be lead-210 and potassium-40. The
activities of radium-226, the radioisotope of greatest concern with respect to
human health and the environment, ranged from 4 to 24 percent of the
corresponding soil gross alpha measurements."

The concentrations of radionuclides measured in samples collected within the FMC Subarea, but
classified as "offsite" in the RI are shown in Table 2.3-11. In two samples, measured
concentrations are above the RBCs for all four constituents; however, for potassium-40 none of
the samples are above the EPA background level of 20.5 pCi/g. As shown in Table 2.3-11,
eleven of the seventeen samples are above the RBC for lead-210, three are above the RBC for
polonium-210, and nine are above the RBC for uranium-238.

All of the measured values above the RBC for polonium-210 and all but one of those above the
RBC for uranium-238 are within the properties between the FMC operating facilities fenceline
and Interstate Highway 86. The remaining uranium-238 value above the RBC (location 045-IB,
at 5.84 pCi/g) is just north of the 1-86 off-ramp near the eastern margin of the FMC Subarea.

Of the 11 measured values above the RBC for lead-210, eight are between the FMC operating
facilities fenceline and Interstate Highway 86. The remaining three (locations 045-IB,
045-1A01, and 045-1A04) are just north of the 1-86 on- and off-ramps in the northern portion of
the FMC Subarea.

Measured values for polonium-210, potassium-40, and uranium-238 in subsurface samples
obtained at all locations at a depth of two feet were below EPA background levels, indicating
that the vertical extent of radionuclide activities above RBCs is minimal.

As discussed in Section 4.3 of the RI, lead-210 may have been slightly enriched in soils relative
to uranium-238 through the natural process of the decay of radon-222 migrating from underlying
granitic rocks present throughout the Bannock Range southwest and south of the facilities.
Radon emanation from the rocks would introduce lead-210 toward the ground surface. For the
16 sample locations examined within the FMC Subarea, all but two were above EPA
background levels in the surface, and all but two were also above EPA background levels in the
subsurface,
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FMC Subarea Section 2 Site Characterization

TABLE 23-11
FMC Subarea - Radionuclide Activities Measured in Surficial Soil

EPA Risk-based Concentrations

EPA Background Level

Sample ID

000-1A

023-1B

045-1A

045-1A01

045-1A02

045-1A03

045-1A04

045-1B

270-1D

293-1A01

293-1A02

293-1A03

293-1A04

293-1B03

293-1B05

315-1A

338-1B

Lead-210
6.24

3.03

1.47 U

5.65 U

24.7

15.7

35.1

36.3

1 10.4

7.62

6.17 U

50.8

23.2

41.4

18.3

0.96 U

172
7.84 U

6.16 U

PoIonium-210
21.22

3.58

15.2

19.1

28.1

9.67

19.1

9.93

11.6

12.9

8.87

19.9

20.3

26.1

10.8

2.21

7.02

31.4

5.46 J

Potassium-40

0.31

20.5

17.7

16.3

14.6

12.6

11.3

10.5

12

15

18.7

10.3

9.18

9.39

14.1

15.6

14.6

15.8

19.9

Uranium-238

4.42

3.88

6.38 U

2.86 . U

14.4

4.36 U

9.88

20.1

3.16 U

5.84

1.46 U

9.81

11.4

222

15.34

0.98 U

3.9 U

19.5

1.97 U

Note: Concentrations are in pCi/g
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Section 2 Site Characterization FMC Subarea

in samples at a depth of 2 feet This included two samples that were below EPA background
levels in the surface samples at the same locations, but above EPA background levels at a depth
of two feet. Of the 56 "offsite soil" samples collected at distances of up to four miles (6.4 km)
from the EMF Facilities which were analyzed for lead 210, only 17 of the subsurface samples
were below EPA background levels. In addition, 24 of these 56 samples had higher measured
concentrations in the subsurface samples than in the surface samples, indicating a source other
than facility operations.

Correlation of Constituents and Potential Source Areas

In addition to evaluating the potential for surficial soils to impact human health and the
environment through inhalation, ingestion, or dermal contact, the spatial distribution of
constituents of potential concern in the subsurface was examined by potential source location.
Table 2.3-12 indicates, by potential source area, where constituents of potential concern exceed
RBCs in the first 10 feet of the soil column. Table 2.3-13 indicates the presence of constituents
of potential concern which exceed RBCs at depths greater than 10 feet. It should be noted that
EPA background concentrations for arsenic (7.7 mg/kg) and beryllium (1 mg/kg) exceed RBCs.
Therefore, arsenic and beryllium are only indicated as exceeding RBCs when they exceed EPA

background concentrations. Values not shaded are those which exceed RBCs or, as in the case
of arsenic and beryllium, EPA background concentrations.

Data for the uppermost 10 feet of materials sampled is generally consistent with the data for
surface soils. Calciner pond solids were encountered within this zone, and these contain arsenic,
beryllium, cadmium, and fluoride in concentrations that exceed RBCs. In the area of the old
ponds which were sampled, constituents which exceed RBCs are also arsenic, beryllium,
cadmium, and fluoride. Below a depth of 10 feet, EPA background levels were exceeded at
several locations for arsenic and beryllium, and at one location along the facility roads for
cadmium.

For the total of all samples of subsurface soils within the FMC Subarea, 67 of 387 (17.3%)
exceeded both the EPA background and RBC concentration for arsenic; 96 of 377 (25.5%)
exceeded the EPA background and RBC concentrations for beryllium; 10 of 384 (2.6%)
exceeded the EPA background and RBC concentration for cadmium; 8 of 387 (2.1%) exceeded
the RBC concentration for fluoride; and one of 376 (0.3%) exceeded the RBC concentration for
zinc. On the basis of this analysis, zinc is not a significant consideration within the FMC
Subarea.

Generally, where constituents exceeded the RBCs, they were within the area of the former
ponds, or within the calciner pond solids drying and storage areas, indicating little or no
migration from their original locations. Exceptions were arsenic and beryllium which exceeded
EPA background levels sporadically throughout the site, and one individual sample along the
facility road near former pond 8S where cadmium was measured above the RBC.
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FMC Subarea Section 2 Site Characterization

TABLE 2.3-12
Maximum Concentrations Above Background Levels for Constituents of Potential Concern in Soils - Depth 0 to 10 Feet

POTENTIAL SOURCE AREA

Group I
Old Calciner Ponds 1C &2C
Calciner Pond Sediment
Storage Area
New Dredged Caiciner Pond
Sediment Drying Area
Old Kiln Overflow Pond
Old Pond 7E

Group II
Old Pond IS
Old Pond 6S
Old Pond 7S
Old Pond 8S
Area (Old Pond) 9S
Old Pond IE
Old Pond 4E
Old Pond 5E
Old Pond 6E
Railroad Swale

IWW/SEWER/SUMP AREAS
IWW Basin and Ditch
Chem Lab Seepage Pit
Septic Tank Drain Fields

PLANT GENERAL AREAS
Shale Ore Handling Areas
Phos Loading Dock
Long Term Phos Storage
Phos/Precip. Pipelines
Facility Roads
Former PCB Storage Shed
Paved Area N of Furnace Bldg.
Waste Oil Storage Area
Secondary Condenser
Area West of Mobile Shop
Active Landfill

BAPCO
General Area
Facility Roads
Rail Car Load/Unloading

Background Levels

Worker Exposure RBCs*
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:;:;:;:!:3fe9

;:;:i:i:;l^Z
:;:ii;ia9i3f

: = :i:i^iH»

16.1

17,929

Mn

i i i i i i i i i l f i S i i

:;;iti240

:;; ; : ; : ; : ;7I3

:;:;483

:;:;::i;:;537

:;:;5J4

482

4,475

H^

:-\ :-\:+.:f3Q

liim
:;:;:;:;:;i24:nmn

::;:i^0:35
iilll̂ i

;:;:;:;i&Z5

mni

ii:i:;:;:ii;:iZ

:;:i:!:!:;^S
i i i i i i i i i i i l i . 4

mum
:1.3

::;:;:i:0^
i i i i i i i i i i i t J l 1

:^O95
i;ii;;:;:ii0iJ8

i!:::j0UZ6
iiliu
:a;5?
0.16
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Mo

4.90

39

ifffjg

;:;::::;;4i50
iiiiilili|ijy
:-^:26:9

: 27:8

;:;:;:;i;i7i3

;^28i4

;:;:;:;::75:6
-i5;30

64,70

2.15

4.482

Ni

27:1

;":^:ii!20

^;^-58.2
i|i|ii§J*4

4^.40
: : 2 2 9

-^^8,1
:;*;*35:7

^:16
iiiiiiiiiiiilS

;:;24.9

:;;i:;i;il88

.:;:;:;:;54;2

: :: 17

^160

'••W-36X
i^:;;ii20^

iy|g|
:i;;:;:;i;i;62

:;:i:i;;l«.:2
;^;;;:47;9

iliig

15.5

17,929

P

: 13,«00

i!l;8'SJ8^J

^:3^«)
69300

49^00
:59.?OD

:--;5:U40.')
: 9,980

2,373
;:;iiiii ;6 r4lo

25,703
33,«H
1,640

-&lv40i)

• : ::20^O)
••:$#&

iii;:;:i;;l:350

:; : : 83,700
-17^1Q«

:;;i:;ii:8v880
-:25vl<X)

;:H03jOOO
:- 84,000

:;:;li*«0

:i:;:i»9t
-;34^30C

:;:ii|;;:;:;7«

-:;!!934
!:;:;:;:ii::*55
:;:;:::;:i>S>OC

672

Se

47.5

;:':^^8:05

751
11.6

:^:^:29;3:
: 24^4

,;:;:;:;:;:6>7:

;:o.:i;Hl3

^;:-:;:l8i6

••w+ms

•;:;6i20

10:2

-17
.;J5i3

-:12;2

4;5C>

3.05

4,482

Ag_

||§i]|ifj

57.6

HO
7

i : :26;8
1,«K)
786

: - ; 5 6

87:J

: 1:52

ijjjjjlgj

: ; ; ; : ; : i i ; i6iS
;i;:;:;:;i!S!:8

: 9,7

^::^:25:3
: ' :35.2

;e,4

;:;:124

1.9

4,482

Tl

: 26.6

1 ^15>7
•li.S

•3&S

i;i:i;;:;i;;;:g

|i 18:7

iiiii|i|iji^

0.3

::;28>J

: :;i:;::;2&:7
0.27

71.72

V

-146

673

954
' 281

:;:;:;^90i8
.:-;:842
-::-;i53

::-:J57

; i ; i ; ; ! : i i ; ; 55
: i i ; ; ; ; ; : ; i i i 5 i 5
: 78

1,290

i:;:;:;:;:299
:::;:;:;:99i5

;:i:i:;i;i0?6

;:;:I3J
•m\:\m

:;::2i620
: j : ; : | : | : l88J
;:--54.6

:::;242

\ \mw6
48.30

45.4

6,275

Zn

:-:: 566

8,010

2<>20
---:823

-19,300
; i ; : 48,700
499,000

i:;;;:;iO,800
::;.: :::-366
;-:::. 7.320

15.200
;:;:200,000
jijiiiii|i|^j

4,210

i-«44
li;390

iiiiiiiiiî
i ; i i : | ; i i i i i3 l iO
1 IP: - :-;:59

m$w
; : • : -8,020
;^1,610
-i-199

:-20,400
-53.4

i i i i i i i i i f i t W
79,50

i§ji|i|ggi
52.8

268,937

/4// values are in mg/kg.
*EPA site-specific risk-based concentrations (RBCs) from the baseline risk assessment.
Shaded areas indicate value is below RBCfor worker exposure. Jf maximum value measured is below background level, no value is shown.
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Section 2 Site Characterization
TABLE 23-13

Maximum Concentrations Above Background Levels for Constituents of Potential Concern in Soils - Depth Greater Than 10 Feet

POTENTIAL SOURCE AREA
Group I

Old Calciner Ponds 1C &2C
Calciner Pond Sediment
Storage Area
New Dredged Calciner Pond
Sediment Drying Area
Old Kiln Overflow Pond
Old Pond 7E

Group II
Old Pond IS
Old Pond 6S
Old Pond 7S
Old Pond 8S
Area (Old Pond) 9S
Old Pond IE
Old Pond 4E
Old Pond 5E
Old Pond 6E
Railroad Swale

IWW/SEWER/SUMP AREAS
IWW Basin and Ditch
Chem Lab Seepage Pit
Septic Tank Drain Fields

PLANT GENERAL AREAS
Shale Ore Handling Areas
Phos Loading Dock
Long Term Phos Storage
Phos/Precip. Pipelines
Facility Roads
Former PCB Storage Shed
Paved Area North of Furnace Bldg.
Waste Oil Storage Area
Secondary Condenser
Area West of Mobile Shop
Active Landfill

BAPCO
General Area
Facility Roads
Rail Car Load/Unloading

Background Levels

Worker Exposure RBCs*

Sb

;;:;;NS^!

::;:; :NS :;:: :

jjjjggjj
-Kg:-:
::::NS:;:;

19.S
:;;:;;23.5

NS

:;:;;NS-

:;:::NS::

::;:N$:;:!
-:NS;!::

2.2

359

As

8.4

13.7

:;-NS ::
-;NS

10

7.8

9.5
13.3

mm-^
• ;::;;NS"' :

ItjJSl

9.9

: :NS

NS:-:

--NS

: NS

: NS
7.7

1.43

B

433.5

-15.5

- 19.2

:::NS:;-'

!;. NS:-'

18J1
n

**Km--
isiiimuni

;;! 26.9
39,4

;:!:NS:;!;;

35.9
• i N S - :

vNS--:

V:NS-..

: :NS : ; ;

12.8

80,636

Ba

216

•NS
-NS:

356

220

-:NS
• m

:: NS

ji 223
; NS:

;:N$

: NS
-NS:

NS
188

61,612

Be

1.3
1.7

IfsjH!
-NS

1.5

1.6

::-NS:-
:::NS-

NS :"--
1.1
1.1

:-NS.;-

lifgi!
1.6

||j|l
NS ;
NS

1

0.584

Cd

:-15.1

52.9

82^4
355

NS;
NS :-

3:9

13.4

NS-:

NS;-
:NS:- ^

m
1,300

-NS

4.6
1 NS ::

• ••N5:::;:
NS-^:

NS :

1.9

448

Co

:8.7
9,5

::!-N$ ;: :

: ; :NS; :

13.1

: ::NS
:::;::NS:,
;:::NS :^

:: : 'NS :^

:;;NS

•.:i;:NS.i:i
• : :NSi: :

NS

7.6

Cr

173

-NS :
• : ; N S

3S;2

::::-34;4

::::;:NS::;:

;,-i::;NS- : : '
:;:;:NS-:

-::208
43.6

:|*N&:>

91.9
-;NS ::

^;:NS:>
NS
NS

27.5

896,457

Cu

27.8

38.3

nn
: i :NS"

70.4

28,9

:^:::13

null
•xN$.; ; :
liglil

:37.9

i i i i N i S : : '

:2JA
;vNS : : : -

:::::NS;-:

::j-NS^:

NS :

12.6

33.259

F

1,070

40,900

3,030
: 2,700

NS!.
1 NSV:

: 784

1,560
1,330
1;120
2,540

:::i;;:Ji260

930

: ' :NS : : ; ; : ;

|gS||
: : :NS ; : :

2,660
2,700

630
^ :NS::;i

1,550
6,530

-NS : ;

: ;NS: : :V
•NS.;:.

: NS^ :

600

53.787

Pb

::::N$::
; : ; :NS' . .

; : ; :NS' ; : : '
:::;:NSv
;:;:NS^

:;^106

iiHNS. :

;:::N$::::

-.NS :

NS :

NS
29.1

Li

:;;;:NSh.
;NS ::-

i 16;4{>

17,70

:!::NS:!:-
"NS ::-

: H N S : ; :

: :::N5:-
: - - i l?-2

-NS-!-

;::::N$::--
-:NS:::

-NS:::
16.1

17,929

Mn

IXOO
551

!NS
||S|

506

: 521

;:::NS

11=̂ 1iH^li

:;:::NS^

496
;::NSS:

::i::;NS: |
:::NS-:

::::NS:::

482

4 4 7 S

Hg

5.4

1.2

-;NS
: -NS

: 0.43

: :;-.:.-:4;S

1.7
0.21

:; ;:;!: 0.28

:::NS
:-NS
; :NS

: ' • • • ' • 0.63

0.79
::::NS

0.87
:NS

0.18

1 NS
NS
NS

0.16

269

Mo

:i!i;NS::

NS

4.8

:-NS ;

MNS
::^NS:-

:-NS':

:^;NS::

;NS: ; '

:!NS-:

: N S :

2.15

4482

Ni

: ; : : 36.6

23.1'

66.8
: -26

: i i :N$
NS

15.8

18
: : 17.2

17,3

15.6
.::;;:!';::|5;8

:-:NS::
N $ i ;

-NS;::
• 48.2

i:i::NS:-.

16:2

:-:N$:-:

NS.
:;::NS-

NS
15.5

17.929

P

1,570

16,100

31,800
2,660

2,320
]-:ms^ ,

NS:::
1,630

1;900
4,280
2,510

13,900
2,450

840
lilOO

734

lilllljl
:::^;S:-;-
: :: ;:NS:;- ;

5,960
52,400

1,400
!:-fvS:!:'

8,020
1;760

Uglli
838

nni
:-NS:-

NS
672

Se

61

' • • • ' • : ' : 17:1
21.8

nnliHi

::^N$:-:

NS

ligsii

::::NS:::':

un
iviNS^:
:!::NS:o-
; :NS : : :

3.05

4.482

Ag^

2.4

:; NS-;!:NS:-

::::-NS!:::;

: :NS: :V
:::NS: :
:: -.::32:4

::;:NS:;:;:

NS::.;
66!;8

;:-;N$:
: NS;-:

• NS;; : :
1.9

4.482

Tl

0.3

mnm
0.55

24.5

NS:::;-
;;;..N$:::
::iNS-:

:::'NS- :

NS- :

-:NS-::;;'
:-:;NS; .
:-NS :

0.27

71.72

V

169

174

-NS
;.NS

: NS
-MNS;
:.;:NS:'

: ;2 l i
54.9

: ; ;NS> :

84:.6
,::.NS::

vN$;;-:

.NS :

-NS
45.4

6.275

Zn

538

85!
moo

:N$:;;;:
::NS:::;;

. -; 2*2

•••m
113.

57J

-:NS:;;;;

•-NS;;;:;
5,080

:25JQ0m
:-NS;;;:;

449
im

::NS;:!;:Ilil̂

HI
'•;:NS-:;:::

::NS :;:-

52.8

268.937

Notes:
All values are in mg/kg.
*EPA site-specific risk-based concentrations (RBCs) from the baseline risk assessment.
Shaded areas indicate value is below RBCfor worker exposure. If maximum value measured is below background level, no value is shown.
NS = Not Sampled below a depth of 10 feet.
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FMCSubarea . Section 2 Site Characterization

23.2 Groundwater

This section provides an assessment of the nature and extent of key site-related constituents and
parameters in groundwater in the FMC Subarea during the RI monitoring period (June 1992 to
December 1993) relative to background water quality, potential constituent contributions from
active and past onsite sources, and Safe Drinking Water Act Maximum Contaminant Levels
(MCLs).

To assess the effect of EMF sources on groundwater, the quality of unimpacted groundwater has
been characterized in Section 4.4 of the RI. Mean concentrations discussed in the RI report were
calculated using the reported detection limit value where results were reported as "non-detect".
This data treatment was agreed to by EPA and the Companies during a meeting on May 6, 1994.

This section describes the nature and extent of the contamination beneath several locations
within the FMC Subarea. These locations are:

• Southwestern and central portions

• Eastern area, and

• Northern FMC properties

These three areas were delineated on the basis of the distribution of constituents in each area
which can be ascribed to distinct sources or influences from various sources (Figure 2.3-2).
Characteristics of the groundwater in the southwestern and central FMC, eastern FMC, and
northern FMC properties are provided in Table 2.3-14. Representative concentrations for
groundwater are also provided.

Section 1.4 of this report contains a discussion of groundwater investigations. Isoconcentration
contours for pH are provided in Figure 2.3-3, and isoconcentration contours for key parameters
and constituents of potential concern are provided in Figures 2.3-4 through 2.3-10. Additional
detail on the nature and extent of groundwater contamination at the EMF Site is provided in
Section 4.4 of the Remedial Investigation report (Bechtel, 1995).

The nature of EMF-related impacts to the aquifer within the FMC Subarea can be summarized as
elevated (i.e., greater than the background level) concentrations of major ions, decreased pH,
elevated levels of the metals arsenic, lithium, manganese, and selenium. Boron, barium, cobalt,
and fluoride concentrations were elevated over a smaller area and at fewer sources, when
compared to the extent of elevated major ion and nutrient concentrations. No significant
concentrations of organic compounds were detected.
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Section 2 Site Characterization

TABLE 2.3-14
FMC Groundwater Chemistry by Area and by Hydrogeochemical Regime (a)

Analvte
Major loos (mg/1)
Alkalinity, bicarbonate
Calcium
Chloride
Magnesium
Potassium
Sodium
Sulfate
Physical Parameters
Specific Conductivity (umhos/cm)
pH
Temperanire (degrees Celsius)
Total Dissolved Solids (mgA)
Redox (mV)
Nutrients and Fluoride (mg/1)
Ammonia (NH3 as N)
Nitrate (NO3 as N)
Oithophosphate (PCM as P)
Phosphorus
Fluoride
Metals - Not EMF-related (mg/1)
Aluminum
Antimony
Beryllium
Cadmium
Chromium
Copper
Iron
Lead
Mercury
Molybdenum
Nickel (g)
Silver
Thallium
Vanadium (g)
Zinc (g)
Metals - EMF-related (mg/1)
Arsenic
Barium
Boron
Cobalt (g)
Lithium
Manganese
Selenium

Representative Groundwater (a)
95% Upper Confidence Level

Michaud

198
97.71
192.90
33.59
12.72
74.28
72.57

1136
7.29 to 7.70
11.8tol6.7

867
0 to 169

0.50
5.52
0.06
0.33
0.80

0.0977
0.1000
0.0020
0.0050
0.0114
0.0085
0.7690
0.0020

0.00074
0.0245
0.0200
0.0050
0.0040
0.0745
0.0501

0.0149
0.2297
0.2935
0.0145
0.0610
0.0518
0.0057

Bannock

171
68.75
52.42
19.20
10.52
27.53
43.40

569
7.37 to 8.37
14.5 to 16.6

412
44 to 122

0.50
1.60
0.13
0.31
0.60

0.5472
0.1340
0.0040
0.0050
0.0110
0.0109
0.8402
0.0068
0.00078
0.0330
0.0200
0.0052
0.0400
0.1000
0.1700

0.0180
0.1204
0.3078
0.0108
0.0165
0.0201
0.0055

Southwest FMC Area (c)
(means)

Michaud

180 to 820
56 to 376
1 12 to 980

22.8 to 137
8.3 to 25 1.9

67 to 406
68 to 843

890 to 4091
6.74 to 7.54
11.6 to 17.1
518 to 2863
-113 to 265

0.35 to 4.75
0.06 to 32.5
0.06 to 18.8
0.08 to 52.6
0.14 to 2.98

0.0349 to 10.1454
0.0596 to 0.0847
0.0010 to 0.0017
0.00 13 to 0.0038
0.0024 to 0.0072
0.0035 to 0.0096
0.0386 to 4.9496
0.001 2 to 0.0040

0.00022 to 0.00051
0.0141 to 0.0259
0.0120 to 0.0221
0.0026 to 0.0044
0.0016 to 0.0018
0.0077 to 0.0698
0.0071 to 0.0270

0.0067 to 0.1 467
0.0583 to 0.3494
0.1553 to 2.0991
0.0053 to 0.0422
0.0518 to 0.1475

0.0024 to 22.7002
0.0010 to 0.0248

Bannock

187 to 1490
31 to 179
33 to 409

12.9 to 97.4
8.7 to 1293.6

26 to 542
42 to 276

538 to 6 105
6.63 to 8.99
10.7 to 18.2
339 to 5271
-239 to 216

0.05 to 9.52
0.05 to 37.55
0.02 to 387
0.02 to 665
0.14 to 10.9

0.0255 to 0.0700
0.0482 to 0.1000
0.0007 to 0.0030
0.0006 to 0.0038
0.0007 to 0.0 160
0.0030 to 0.0065
0.0230 to 1.3509
0.0008 to 0.0020

0.00008 to 0.00040
0.0141 to 0.0430
0.0100 to 0.0208
0.0031 to 0.0039
0.0009 to 0.0400
0.0022 to 0.0251
0.0026 to 0.0207.

0.0030 to 0.1 878
0.01 17 to 0.4096
0.1039 to 17.1035
0.0033 to 0.1 059
0.0207 to 0.1919
0.0028 to 10.8648
0.00 16 to 0.0062

Central FMC Area (d)
(means)

177 to 538
64.62 to 145
46.08 to 311

2 1.45 to 74.43
8.42 to 231
30.72 to 228
66.45 to 245

634 to 2263
6.73 to 7.39
16.0 to 30.4
411 to 1533
-79 to 175

0.35 to 1.23
0.86 to 24.70
O.I 1 to 32.93
0.08 to 34.25
0.1 3 to 2.88

0.0230 to 0.0571
0.0596 to 0.0631
0.0011 to 0.0017
0.00 13 to 0.0029
0.0023 to 0.0062
0.0040 to 0.0 105
0.0352 to 0.3034
0.00 12 to 0.0030

0.00017 to 0.00073
0.0141 to 0.0478
0.0120 to 0.0183
0.0026 to 0.0040
0.00 16 to 0.0024
0.0071 to 0.0229
0.0062 to 0.0226

0.0059 to 0.1 244
0.0791 to 0.2 188
0.0938 to 1.3679
0.0051 to 0.0195
0.0332 to 0.0948
0.0028 to 3.3961
0.00 17 to 0.0500

Eastern FMC
Area (e)
(means)

167toll97
55. 9 to 442
35.1 to 339
16.58 to 280
6. 13 to 122
36.5 to 668
58.5 to 1771

509 to 4967
6.10 to 7.47
14.6 to 17.3
351 to 4098
23 to 229

0.35 to 11. 83
0.92 to 16.91
0.03 to 116
0.03 to 96.8
0.15 to 1.66

0.0347 to 0.2872
0.0596 to 0.0754
0.001 1 to 0.0022
0.0014 to 0.0055
0.0025 to 0.0064
0.0035 to 0.0135
0.0256 to 0.4633
0.0011 to 0.0036

0.00016 to 0.00221
0.0143 to 0.0235
0.0120 to 0.0580
0.0031 to 0.0039
0.0016 to 0.0017
0.0066 to 0.2 101
0.0078 to 0.0266

0.0034 to 0.5506
0.0634 to 0.2457
0.1868 to 1.0300
0.0037 to 0.0144
0.0341 to 0.51 18
0.0030 to 2.2659
0.00 18 to 0.2896

Northern FMC Properties
(means)

Michaud

170to338
72.51 to 102.28
107.48 to 262.75
24.78 to 55.81
6.79 to 127.04
42.44 to 151.90
7 1.74 to 205.50

815 to 1909
6.84 to 7.71
10.9 to 17.4
493 to 1237
-117 to 109

0.28 to 0.38
1.74 to 12.64
0.03 to 7. 11
0.03 to 7.61
0.1 3 to 0.52

0.0128 to 0.0464
0.0557 to 0.0980
0.0010 to 0.0014
0.0014 to 0.0020
0.0027 to 0.0049
0.0049 to 0.1 107
0.0490 to 1.3756
0.0013 to 0.0016

0.00022 to 0.00030
0.01 77 to 0.0243
0.0120 to 0.0128
0.0031 to 0.0035
0.00 17 to 0.0022
0.0108 to 0.0303
0.0067 to 0.1 260

0.0052 to 0.04 10
0.1072 to 0.5579
0.1000 to 0.7046
0.0053lo0.0154
0.0389 to 0.0890
0.0028 to 1.1005
0.0022 to 0.0040

Bannock

151 to 341
44.85to 116.52
29.05 to 176.50
15. 19 to 44.92
4. 10 to 76.52

27.82 to 103.89
49.02 to 316.17

483 to 1748
6.37 to 8.00
13.4 to 18.3
296 to 1140

0 to 143

0.35 to 18.33
1.04 to 13.36
0.02 to 27.47
0.02 to 29.63
0.20 to 1.13

0.0226 to 0.0394
0.0482 to 0.0631
0.0009 to 0.00 13
0.0006 to 0.0045
0.0011 to 0.0047
0.0037 to 0.0050
0.0336 to 0.3273
0.0008 to 0.001 6

0.000 14 to 0.00034
0.01 17 to 0.0218
0.0120 to 0.0606
0.0032 to 0.0039
0.0009 to 0.00 18
0.0069 to 0.0126
0.0073 to 0.0220

0.0042 to 0.0378
0.0380 to 0.0892
0.0854 to 0.5674
0.0052 to 0.0066
0.04 16 to 0.0851
0.0020 to 0.1 848
0.0021 to 0.0 153

MCL or Secondary
Standard

None
None
250tt
None
None
None

500t/250tt

None
None
NA

SOOtt
NA

None
10

None
None
4/2

o.ostt
0.006
0.004
0.005
0.10
1.3*

0.3tt
None
0.002
None
0.10
0.1 tt
0.002
None
5.0ft

0.050
2.0

None
None
None

o.ostt
0.05

Notes:
(a) Chemical concentrations are mean values and 95% upper confidence levels (95% UCL) were calculated from analytical data for groundwater samples collected prior to 1994. The 95% UCLs are based on the total

population of analytical results for representative groundwater.
(b) 95% UCLs for pH, temperature, and redox were not calculated. Ranges of these parameters are used for representative groundwater.
(c) Mean concentrations shown for each parameter are for the range of means for all on-site wells included in the hydrogeochemical regime indicated. Southwestern FMC Area Michaud wells include 112. 124, 126, 127,

128, 131, 132, 137. 139, 140,141. and 148. Southwestern FMC Area Bannock wells include 103. 104. 113. 114. 115. 117, 118. 119, 120, 125. 129. 130. 149, 150. 151. 152, 153, 154, and 159.
(d) Central FMC Area Wells include 107. 108, 111. 121, 122, 133, 134, 135, 146, and 7TV-5S.
(e) Eastern FMC Area Wells include 109, 110, 123, 136, 142. 143. 144, and 145.
(f) Northern FMC Properties Michaud Wells include the Lindley Well. Old Pilot House Well, TW-9S. and 501. Northern FMC Properties Bannock Wells include New Pilot House Well, TW-12S, 500, and 517.
(g) Cobalt is considered not site-related in the Central FMC Area; Nickel and Vanadium are considered site related in the Eastern FMC Area; Nickel and Zinc are considered site related in the Northern FMC Properties Area.
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TABLE 2.3-14 (continued)

FMC Groundwater Chemistry by Area and by Hydrogeochemical Regime (a)

Radiological
Parameters (pC/1)

Gross Alpha
Gross Beta

Radium 226
Radium 228

Representative Groundwater (a)
95% Upper Confidence Level
Michaud

5.57

17.14

1.83

2.28

Bannock

4.80

14.10

1.66

2.25

Southwest FMC Area (b)
(means)

Michaud

NDto 11.5

ND to 240

NDto 14
ND to 7.8

Bannock

NDto 41.2

NDto 11 10

ND to 3.27

ND to 6.0

Central
FMC Area (c)

(means)

ND to 25.9

NDto 186

ND to 3.77

ND to 7.2

Eastern FMC
Area (d)
(means)

ND to 49

ND to 85.7

NDto 3.83
NDto 6

Northern FMC Properties (e)
(means)

Michaud

ND to 20.7

NDto 101

ND
NDto 7.1

Bannock

ND to 15.2

ND to 67.5

ND to 2.2

ND to 8.3

MCLor
Secondary
Standard

15

50

5**
5**

' Combined Ra 226 and Ra 228

Radiological Speclation Results

Radiological
Parameters (pC/1)

Gross Alpha

Gross Beta

Potassium-40

Radium 226

Radium 228

Uranium 233/234
Uranium 238 (alpha)

Southwest FMC Area
Well ISO

ND

1,1 10 ±22.9

1.310±143

ND

ND

ND
ND

Well 152

ND

849 ±20.3

1.190±133

ND

4.5 ±0.8

ND
1.35 ±0.393

Central FMC Area
Well 121

ND

120 ±10.7

184 ±82

ND

4.7 ±1

ND
ND

Well 146

ND

40.5 ±2.36

ND

ND

1.7 ±0.8

ND
ND

Eastern FMC Area
Well 123

ND

27.3 ±3.5

ND

2. 14 ±0.26

ND

ND
ND

Well 136

ND

64.9 ±17.3

126 ±81.2

1.42 ±0.56

8.4 ±1

ND
ND

Northern FMC Properties
Old Pilot

ND

85 ±5.82

112 ±61.5

1.56 ±0.18

ND

ND
ND

New Pilot

3.1 ±0.7

4.4 ±0.8

ND

ND

ND

1.99 ±0.469
ND

Lindley

12.9 ±1.77

12.7 ±1.66

ND

1.78 ±0.55

4.2 ±0.8

7.53 ±1.12
3.71 ±0.682

Notes:
(a) Chemical concentrations are mean values and 95% upper confidence levels (95%UCL) were calculated from analytical data for groundwater samples collected prior to 1994.

The 95% UCLs are based on the total population of analytical results for representative groundwater.
(b) Concentrations shown for each parameter are for the range of values for all on-site wells included in the hydrogeochemical regime indicated. Southwestern FMC Area Michaud

wells include 112, 124,126, 127,128, 131,132,137,139,140,141, and 148. Southwestern FMC Area Bannock wells include 103,104,113,114,115, 117, 118,119,120, 125,129,
130,149,150, 151, 152,153,154, and 159.

(c) Central FMC Area Wells include 107,108, 111, 121,122,133,134,135.146, and TW-5S.
(d) Eastern FMC Area Wells include 109,110,123,136,142,143,144, and 145.
(e) Northern FMC Properties Michaud Wells include the Lindley Well, Old Pilot House Well, TW-9S, and 501. Northern FMC Properties Bannock Wells include New Pilot House Well.

TW-12S.500,and517.

FS/tbl2314b.xls June 1996



Section 2 Site Characterization FMCSubarea

BLANK PAGE

June 1996 . 2-64 fmcfs2.doc/FS



FMC Subarea Section 2 Site Characterization

Groundwater samples from 12 wells at the EMF Site were tested for a broad range of
radioisotopes, including alpha, beta, and gamma emitters. Only radium-226, -228,
uranium-233/234, uranium-238 (alpha), and potassium-40 (beta) were detected. Gross alpha and
gross beta activities were also measured in the water samples to evaluate total activities
associated with the detected radioisotopes. The speciation results confirm that the gross beta
activities are from potassium-40. In groundwater with detectable activities of gross alpha, it
appears that radium-226, uranium-234, and uranium-238 are the primary alpha emitters. In
general, the alpha emitting radioisotopes were detected in wells that monitor groundwater in or
near rhyolitic volcanic deposits, which are typically high in uranium isotopes. There is no
spatial correlation between known FMC sources and the radium isotope distribution in
groundwater.

The extent of EMF-related effects is primarily confined to areas within the facilities or on
company property, especially when viewed in terms of affected groundwater containing the
highest constituent concentrations. In the northern FMC properties, the concentrations of all
constituents decrease sharply to levels near the background concentrations, and few constituents
were detected at elevated concentrations in groundwater north of 1-86.

Constituent concentrations are lower in the deeper aquifer. The upward vertical hydraulic
gradients and intervening aquitards throughout large portions of the FMC Subarea appear to
have limited downward vertical migration of the dissolved constituents. Impacts to the deeper
aquifer are limited in extent and of much lower average concentrations than the concentrations
observed in the shallow aquifer.

Closure of FMC's former Pond 8S and lining the railroad swale are expected to have positive
effects on groundwater quality. The effects of these activities are discussed in more detail in
Section 2.4 of this report

Southwestern and Central Areas. The southwestern portion of the FMC facility includes eleven
former unlined ponds. Five former phossy waste ponds (Ponds OOS, OS, IS, 2S, 3S), and the
main plant facilities, including former kiln scrubber ponds and the former kiln scrubber overflow
pond, are located in the central area (Figure 2.2-1.) The former calciner ponds (Old Ponds 1C
and 2C) are located in the eastern area. These former unlined ponds are the likely sources of
constituents of potential concern.

Groundwater in the southwestern area migrates north, transported by Bannock Range flow. This
flow merges with more east-to-northeast-flowing Michaud Flats groundwater. The result is a
mixing of the unimpacted, but more saline, Michaud Flats water with the impacted Bannock
Range water. The converging flow pattern has the net effect of preventing impacted water from
leaving the facility to the north (Figure 2.3-11). Elevated concentrations of major ions,
decreased pH, and elevated levels of metal ions were detected in this area, indicating the former
unlined ponds are sources of these constituents.
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Impacted groundwater from the southwestern area commingles with part of the impacted
groundwater in the central area and appears to migrate beyond the facility fenceline near
Well 111, just north of the main plant area. The concentrations of EMF-related constituents in
Well 111 are considerably lower than those found near the old pond sources and show the effects
of attenuation and advective mixing that occur within the facility boundary.

The groundwater flow direction through the central portion of the FMC facilities is east-
northeast. Groundwater in the central area has the same constituents of potential concern as the
southwestern area. Elevated temperatures in the groundwater, caused by the heating of soils
surrounding the slag pit operations, are present in the central area (Figure 2.3-12). The
groundwater in the central portion of the FMC facility appears to migrate beyond the facility
fenceline in the vicinity of Well 146.

Eastern Area. In the eastern portion of the FMC facility, groundwater in the western part of the
Simplot upper gypsum stack appears to flow in a northwesterly sweeping arc across the Simplot
property boundary in the general area of the FMC old calciner ponds and former kiln scrubber
overflow pond, and then flows back toward the northeast This "clockwise" flow appears to be
paralleled to the north of the joint fenceline area by the flow pattern of the elevated-temperature
groundwater from the area beneath the FMC slag pit. The groundwater in the eastern FMC
facility area appears to commingle with groundwater from the southwestern and central portions
of the FMC facility and then flows northeast.

As with the other areas previously discussed, major ions, nutrients, fluoride, and the metals
arsenic, boron, lithium, manganese, and selenium were detected at concentrations above
background concentrations in groundwater beneath the eastern portion of the FMC facility
(Table 2.3-14). In general, deeper monitoring wells 109, 329, and 330, located along the
northern side of this area, delineate the extent of EMF-related constituents in the deeper aquifer,
with the possible exception of minor concentrations of some common ions and nitrate. Wells
142 and 304 appear to delineate the lateral extent of arsenic and most other metals along the
western portion of the Simplot gypsum stack, although these wells contain elevated
concentrations of common ions and nutrients.

Northern FMC Properties. EMF-related effects on groundwater beneath the northern FMC
properties (those properties north of Highway 30) are limited to slightly elevated concentrations
of common ions, nutrients, a limited suite of metals, low pH, elevated TDS, and elevated gross
beta activities. The metals detected above background concentrations include arsenic,
manganese, and selenium. The extent of EMF-related constituents are delineated by Well 501 to
the west, wells along 1-86 to the north, and the Portneuf River to the east. The ten deeper wells
in this area did not contain elevated concentrations of EMF-related constituents. Therefore, the
vertical extent of these constituents appears to be limited to the shallow groundwater in northern
FMC properties.
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2.3.3 Surface Water

The site investigation found no channels by which storm water would discharge from the FMC
facilities. The FMC facilities are separated from the Portneuf River by the Union Pacific
Railroad and Highway 30. The railroad track bed is raised above the terrain of the FMC facility
and forms a barrier separating the FMC facilities from the river.

Surface runoff within the FMC facilities is infrequent, and is contained within storm drainage
facilities and depressions in the terrain. Storm runoff is dissipated either through evaporation or
infiltration.

The only discharge from the FMC main plant area to the Portneuf River is the managed and
permitted discharge of the IWW (non-contact cooling water) system.

23.4 Air

Section 2.3.4 discusses the nature and extent of airborne constituents within or near the boundary
of the FMC Subarea. RI air pathway studies are summarized and monitoring data are compared
to EPA risk-based screening criteria. Background concentrations of COPCs are discussed, and
constituent concentrations for the site are provided. A summary of the air monitoring program is
provided in Section 1.4.5. Similar summaries and more detailed descriptions of the monitoring
program are contained in the air pathways sections of the RI.

Summary of Air Emissions

The FMC plant produces elemental phosphorus (P4) from phosphate ore. Ore is shipped to the
FMC plant from March through November and stockpiled in two long piles in the area shown on
Figure 2.2-1. It is reclaimed from these piles, screened, crushed, and then briquetted. The
briquetted ore is heated in a calciner to drive off moisture, remove organic matter, and harden
the briquettes for further processing. The calcining process produces an off-gas stream which is
passed through a series of wet scrubbers.

Calcined nodules are blended with coke and silica in the proportioning building, and fed into the
electric arc furnaces. Byproducts produced are slag, ferrophos, and carbon monoxide (CO).
Elemental phosphorus is recovered by water spray condensers, collected as a liquid in sumps,
and pumped to the product storage area (phos dock) for shipment or into tanks for interim
storage.

Slag (primarily calcium silicate) is tapped, cooled, and stockpiled. Ferrophos (predominantly an
iron phosphorus alloy) is tapped, cooled in molds, and sold as a commercial product. The
tapping operation is conducted under a hood to collect fumes generated during the process.
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These fumes pass through primary and secondary scrubbers at each furnace. Carbon monoxide
(CO) is used for calciner fuel, with the excess flared.

Water application, street sweepers, and magnesium chloride spray treatments control paved and
unpaved road emissions. Air emissions from the FMC plant are regulated by the state of Idaho
in Air Permit 13-1260-0005. Additionally, FMC and the Shoshone-Bannock Tribes entered into
an air quality agreement on May 23, 1995, that also provides for regulation of these emissions.
The FMC plant permit includes emissions from ore handling/crashing operations, calciners,
various material handling systems, four electric arc furnaces, and the phos dock. There are no
significant criteria pollutant emissions from non-permitted sources. Controls and permit
conditions placed on the facility for the criteria pollutants are also expected to control emissions
fortheCOPCs.

In the past year, the Bannock Paving Company's operations have closed at the northwestern
portion of the FMC Subarea (Figure 2.2-1), eliminating emissions from these sources.

Air Pathways Monitoring Program

An air monitoring program was conducted for the EMF Site to characterize constituent
concentrations in the study area and to evaluate the performance of dispersion models used to
simulate fate and transport of emissions from the operating facilities. Ambient air quality
samples were collected at seven sites (Figure 1.4-5). The monitoring program was conducted
between October 2, 1993 and October 31, 1994. Sites 1, 2, and 7 were within or near the
boundaries of the FMC and Simplot subareas. Sites 3, 4, and 5 were referred to as "community
sites" in the RI and were located farther from the subarea boundaries. Site 6, identified as the
background site, was located approximately 20 km (12 mi) west-southwest of the facilities in the
prevailing upwind direction. Meteorological observations were also collected at Site 1 within
the Simplot Subarea, and at Site 7 in the elevated terrain on the eastern edge of the Simplot
Subarea. Meteorological records were also obtained from the Pocatello Airport.

The full details of the RI monitoring program including methods used, sampling protocols,
quality assurance, data listings, data validation, and monitoring schedules can be found in the RI,
Part m, Vol. 1.

The nature and extent analysis for constituent concentrations within the FMC Subarea is based
on the monitoring data collected from Sites 1, 2, 6 and 7. Monitoring data from the other sites
are discussed in separate volumes for the Offsite and Simplot subareas, respectively. Site 1 is
within the Simplot Subarea, but is generally downwind of both the FMC and Simplot sources for
the prevailing west-southwesterly winds. Site 2 is located on the highway right-of-way in the
FMC Subarea area, near the common boundary between the FMC Subarea and the Simplot
Subarea. Site 7 is located near the southeast boundary of the Simplot Subarea in an area of
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elevated terrain potentially impacted by buoyant plumes from both FMC and Simplot. Site 6
serves as the regional background site.

Meteorological Data. Meteorological data were collected from Sites 1 and 7 during the
monitoring program. Measurements at both sites included wind speed, wind direction, sigma
theta, and temperature. Relative humidity and mixing height were also measured at Site 1. Data
collected at the Pocatello airport by the National Weather Service (NWS) were also used to
evaluate meteorological conditions. The thirteen months of monitoring (October 2, 1993
through October 31, 1994) were within the 30-year climatological norms for wind speed,
prevailing wind direction, and temperature extremes. January, March, and April 1994 were drier
than normal for total precipitation, and February 1994 was wetter than normal. All other months
during the monitoring program had near normal precipitation.

PM,,, Data. Arithmetic averages for the 13-month monitoring period for PM10 at each site are
shown in Table 2.3-15. For Sites 1, 2, and 7, concentrations during the monitoring period
ranged from a low of 0.6'u.g/m3 at Site 7 on January 12, 1994, to a high of 150.7 ug/m3 at Site 2
on April 14,1994.

TABLE 23-15
Measured Air Concentrations of PM,, and TSP

PM,.

TSP

Site
Maximum
Average
Minimum

Maximum
Average
Minimum

1
79.5
30.2
4.1

218.7
60.3
15.0

2
150.7
56.5
6.6

442.6
137.1
27.5

3
67.4
21.3
1.5

261.1
50.5
5.5

4
72.7
23.0
2.1

161.3
46.2
5.5

5
90.8
18.5
0.2

167.8
33.0
1.5

6
105.6
19.8
0.2

293.0
32.0
2.3

7
118.5
20.9
0.6

176.4
26.3
0.5

Concentrations in \ig/m

TSP Data. Geometric averages for the 13-month monitoring period for TSP at each site are also
shown on Table 2.3-15. Concentrations ranged from a low of 0.5 ng/m3 at Site 7 on February
21,1994 to a high of 443 ug/m3 at Site 2 on April 14, 1994.

PM10 Inorganics. From October 1993 to February 1994, PM10 samples were analyzed for
fourteen analytes: aluminum, arsenic, barium, beryllium, cadmium, total chromium, manganese,
nickel, selenium, silver, thallium, vanadium, total phosphorus, and zinc. In February, 1994, the
EPA and the Companies agreed that the list would be reduced to seven analytes: arsenic,
cadmium, total chromium, total phosphorus, and zinc. With the exception of limited analyses
for modeling case studies, EPA and the Companies agreed to suspend analyses for samples
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TABLE 23-16
EMF PMIO Constituent Summary

PM,«

Analyte

Arsenic

Cadmium

Total
Chromium

Total
Phosphorus

Average Annual Monitored Concentration (jig/m5)

Average Annual Predicted Concentration (jig/m5)
(with background"')

EPA Screening Level (jig/m')

Average Annual Monitored Concentration (jig/m3)

Average Annual Predicted Concentration (ng/m3)
(with background0*)

EPA Screening Level Oig/m1)

Average Annual Monitored Concentration Qig/m3)

Average Annual Predicted Concentration (ng/m5)
(with background0")

EPA Screening Level (ng/m3)

Average Annual Monitored Concentration (jig/m3)

Average Annual Predicted Concentration (ng/m5)
(with background0*)

EPA Screening Level (ng/ms)

Sampling Site

1

6.53E-04

7.04E-04

2

1.27E-03

1.8E-03

7

5.30E-04

7.9E-04

6

5.02E-04

NAJ

5.70E-04

2.6E-03

2.0E-03

1.2E-02

7.4E-03

2.6E-03

3.6E-03

ND

NA<"

1.40E-03

4.0E-03

6.7E-03

1.7E-02

4.5E-02

l.OE-03

9.8E-03

2.8E-04

NA<"

See Notes*5*

1.0

0.4

5.6

2.2

0.4

0.6

ND

NAW

3.00E-01

The arithmetic average of samples collected at Site 6 when it was predominantly upwind of the EMF facilities.

(3)

Arithmetic average background concentrations are: arsenic 4.8 E-04 Hg/m*, cadmium not detected at an DDL of
1.3 E-03 ug/m', total chromium 3.2 E-04 ug/m'and total phosphorus was not detected at an IDL of 0.02 jig/m'.

EPA screening level is for hexavalent chromium and therefore, not appropriate for comparison purposes.
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collected after March 31, 1994. Table 2.3-16 provides average annual concentrations for
arsenic, cadmium, total chromium and total phosphorus. Both monitored and model-predicted
values are shown for comparison purposes. The EPA screening level for each constituent except
total chromium is also included for comparison purposes. (The EPA screening level for
chromium is for hexavalent chromium, not total chromium.) The relevance of constituents
above the screening levels is assessed in the BRA and summarized in Section 2.5.

Constituent concentrations always below the EPA screening level were: aluminum, barium,
beryllium, manganese, nickel, selenium, silver, thallium, and vanadium. EPA Region 10 did not
provide a screening level for zinc. In general, concentrations of inorganics tended to be higher
in samples with higher paniculate concentrations. An exception was arsenic, which typically
had elevated concentrations of about the same magnitude at all sites on any given day. Although
Sites 1 and 2 frequently had higher paniculate levels than other sites, arsenic concentrations
were often the same order of magnitude as at other sites. This pattern also occurred when the
winds were consistently from the southwest (from the direction of Site 6). This is an indication
that elevated arsenic concentrations were present in background ambient air, and that arsenic is
primarily attributable to sources other than the EMF industrial facilities.

PM,0 Radionuclides. PM10 samples were analyzed for lead-210, polonium-210, thorium-230
and -232, radium-226 and -228, and total uranium. Thorium-232 was not detected during the
monitoring program. Radium-228 had only two detected activities; both were above the EPA
screening level. The sites where these activities were detected were not downwind from the
EMF facilities on the days when the samples were collected. Table 2.3-17 provides average
annual concentrations for lead-210, polonium-210, thorium-230, uranium-234 and uranium-238.
Both monitored and model-predicted values are shown for comparison purposes. The EPA
screening level for each constituent is also included for comparison purposes. The relevance of
constituents above the screening levels is assessed in the BRA and summarized in Section 2.5.

Constituents with measured activities above the EPA screening level were: lead-210,
polonium-210, thorium-230, uranium-234, and uranium-238. Uranium-235 activities were
always below the EPA screening level. Radium-226 had one detected activity above the EPA
screening level; however, it occurred when the site was upwind from the EMF facilities on the
day the sample was collected. With the exception of lead-210, measured activities for
radionuclides above the EPA screening level were generally higher at Sites 1 and 2, which are
closest to the operations at the two industrial facilities, and are within the Simplot and FMC
subareas, respectively. Activities of lead-210 were typically elevated at all monitoring sites on a
given sampling day, indicating an influence from a source other than the EMF Site operating
facilities.

FS/fmcfs2.doc . 2-71 June 1996



Section 2 Site Characterization FMC Subarea

TABLE 2.3-17
FMC Subarea PM10 Radionuclide Summary

PM»

Analyte

Lead - 210

Polonium - 210

Thorium - 230

Uranium - 234

Uranium - 238

Average Annual Monitored Concentration (pCi/m*)

Average Annual Predicted Concentration (pCi/m*)
(with background0*)

EPA Screening Level (pCi/m3)

Average Annual Monitored Concentration (pCi/m5)

Average Annual Predicted Concentration (pCi/m1)
(with background0*)

EPA Screening Level (pCi/m1)

Average Annual Monitored Concentration (pCi/m1)

Average Annual Predicted Concentration (pCi/m3)
(with background01)

EPA Screening Level (pCi/m3)

Average Annual Monitored Concentration (pCi/m*)

Average Annual Predicted Concentration (pCi/m1)
(with background0*)

EPA Screening Level (pCi/m3)

Average Annual Monitored Concentration (pCi/m*)

Average Annual Predicted Concentration (pCi/m1)
(with background*1*)

EPA Screening Level (pCi/m1)

Sampling Site

1

2.4E-02

1.7E-02

2

2.4E-02

1.7E-02

7

2.1E-02

1.7E-02

6

2.3E-02

NA<"

1.20E-03

1.5E-02

3.1E-02

l.OE-04

1.1E-04

6.9E-02

6.9E-02

1.5E-02

7.4E-02

6.7E-03

NAC)

1.80E-03

2.85E-04

6.6E-04

3.99E-05

1.3E-04

ND

NAC>

2.00E-04

9.7E-05

1.7E-04

4.0E-04

3.7E-04

2.2E-05

1.4E-04

1.2E-05

NAC)

2.00E-04

9.1E-05

l.OE-04

3.8E-04

4.9E-04

2.0E-05

1.4E-04

1.1E-05

NA"

l.OOE-04

(1)
(2)

The arithmetic average of samples collected at Site 6 when it was predominantly upwind of the EMP facilities.

Arithmetic average activity in background samples for lead-210 was 1.7 E-02 pCi/m', polonium-210 was 4.8 E-03
pCi/m5, thorium-230 was not detected at an EDL of 3.5 E-05 pCi/m', uranium-234 was 1.9E-05 pCi/m', and
background for uranium-238 was 1.8E-05 pCi/m5.

June 1996 2-72 fmcfs2.doc/FS



FMC Subarea Section 2 Site Characterization

Total Fluorides. Gaseous and paniculate fluoride samples were collected at Sites 1, 2, 6, and 7
every fourth calendar day through May 1, 1994, during the RI monitoring period. Paniculate
fluorides were measured in TSP paniculate filter samples and gaseous fluorides were measured
using NIOSH sampling methods. In reporting the monitoring data in the RI, the gaseous and
paniculate fluoride results were summed and referred to as total fluorides. Table 2.3-18
summarizes the average annual concentrations of total fluorides monitored at Sites 1, 2, and 7,
and compares them to the background concentration at Site 6. Predicted average annual
concentrations with background are also provided for comparison purposes.

TABLE 2.3-18
AVERAGE ANNUAL TOTAL FLUORIDE PREDICTIONS

AND COMPARISON WITH MONITORING RESULTS

Average Annual Monitored Concentration (ng/m5)

Average Annual Predicted Concentration Gig/m3)
(with background0*)

EPA Screening Level (jig/m3)

Sampling Site

1

3.4

2.1

2

3.7

3.8

7

3.0

-3.3

6

1.6

NA

8.3

Arithmetic average background concentration =1.6 ug/m3

(1> The arithmetic average of samples collected at Site 6 when it was predominantly upwind
of the EMF facilities.
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FMCSubarea Section 2 Site Characterization

2.4 CONTAMINANT FATE AND TRANSPORT

This section describes the principal routes of chemical migration from the FMC Subarea that
were identified in the assessment of the physical and chemical site characterization data
presented earlier in Section 2.3. It addresses the general persistence of constituents originating
from the FMC Subarea, and describes the factors affecting the migration of FMC-related
constituents in the subsurface environment (i.e., vadose zone and groundwater).

Many of the constituents originating from the EMF facilities, though persistent in nature, decline
in concentration to levels at or below background concentrations along one or more of the
principal migration pathways. The decreases in chemical concentrations can be explained by
one or more attenuation factors including ionic exchange, solubility limits, and advective
mixing. The constituents can be loosely grouped into those that are highly attenuated in the
vadose zone (e.g., cadmium), those that are rapidly attenuated upon introduction to groundwater
(e.g., zinc), those that are attenuated along the groundwater flowpath (e.g., fluoride), and those
are relatively unattenuated in groundwater (e.g., sulfate).

In summary, the primary pathways by which constituents originating from the FMC facilities are
transported in the environment are vadose zone soils, groundwater, and air.

2.4.1 Soils and Solids

Within portions of the industrial operations and waste management areas of the FMC Subarea,
surface and/or near surface soils have been affected by mixing of soils with facility feedstock,
byproducts, and other fill materials; by seepage from former unlined ponds; by facility spills;
and by EMF facility air emissions as indicated by the soil data summarized in Section 2.3.1.
Additionally, some constituents have migrated through surface or near-surface facility soils into
deeper (vadose zone) soils via infiltration and deep percolation of aqueous byproducts and/or
wastes.

Chemicals originating from the FMC Subarea are principally derived from phosphate ore, the
primary feedstock for the FMC plant. The ore contains apatite, a mineral containing calcium,
phosphorus, and fluoride. The ore also contains trace amounts of arsenic, cadmium, chromium,
vanadium, uranium-238 (and its radioactive decay products), and other elements. These
constituents, given their elemental nature, are persistent in the environment.

Within the near-surface soils at the FMC Subarea, the material most commonly used for fill was
slag. Where general site grading or construction of roads have occurred, the mixing of slag and
near-surface native soils is common. Beneath major plant structures, slag was commonly used
in structural backfill. Slag was also used for the construction of pond embankments. Slag

FS/fmcfs2.doc . 2-99 June 1996



Section 2 Site Characterization FMC Subarea

passes the TCLP test, and is not considered a significant source of constituents of potential
concern.

RI data indicate that site-related constituents in soil are not a concern from the point of view of
transport to other environmental media. Constituent migration within and through the vadose
zone has generally been insignificant except where hydraulic head has been applied hi an unlined
unit. These areas include the old calciner ponds, old phossy water and precipitator slurry ponds,
slag pit sump, old kiln scrubber ponds, and old kiln scrubber overflow pond (Figure 2.2-1). In
these areas, site-related constituents have reached groundwater. The groundwater pathway is
discussed in Section 2.3.2.

There is no evidence of significant erosion of facility soils. All process water and storm water is
controlled. All storm water runoff is contained within the plant area by physical barriers and
dissipates either through evaporation or infiltration. Therefore, transport of constituents in soils
suspended in surface runoff is not a pathway requiring further evaluation. Resuspension of soils
by wind erosion was not identified as a significant pathway and is not a pathway requiring
further evaluation.

Areas in which soils were encountered containing constituents of potential concern above RBCs
are primarily in or adjacent to areas where wastes or byproducts have been stored. The potential
for direct exposure by workers is also limited given the relatively few locations where RBCs are
exceeded and the location of these areas with respect to active operations.

2.4.2 Groundwater

Some constituents have migrated through unsaturated soils to groundwater. However,
groundwater affected by constituents originating from the FMC plant is not a current source of
drinking water. Isoconcentrations for pH and key EMF-related constituents are provided in
Figures 2.3-3 through 2.3-10. Additional data and isoconcentrations are provided in Section 4.4
oftheRI.

In the period between 1954 and 1992, unlined evaporation and storage ponds were in use at the
FMC plant; these have since been replaced by lined ponds, and no unlined ponds were
constructed after 1976. The former ponds covered a broad area in the west-central part of the
FMC Subarea (Figure 2.2-1). In addition to these areas, unlined ponds were also in service in
the eastern portion of the plant area (old calciner Ponds 1C and 2C, kiln scrubber ponds, and kiln
scrubber overflow pond). The kiln scrubber ponds were removed from service hi the early
1960s, when the calciners were brought into service. The old calciner ponds were replaced with
new, lined ponds hi 1986 and 1987. Since FMC began closing and filling its unlined ponds hi
1975, pond seepage has reduced significantly. Closing Pond 8S hi 1994 completed the process
of dewatering and filling the unlined ponds at the FMC plant. Additionally, FMC ceased use of
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the slag pit sump and lined a major portion of the railroad swale which receives surface water
runoff.

Within the vadose zone, the relatively high pH of the native soils in the areas where phossy
water and precipitator slurry were discharged into the old ponds limited the mobility of the
metals, especially cadmium, chromium, and vanadium. Additionally, pond sludges formed from
these slurries are very fine-grained, clogging void spaces in the underlying native soils, further
reducing their permeability.

Constituent migration in the saturated zone can be thought of as an extension of the flowpath
from the source through the vadose zone into the aquifer. Once the percolating fluids reach the
saturated zone, aquifer geochemistry and advective mixing have the greatest influence on the
chemical concentrations.

When low pH seepage and neutral-to-basic pH groundwater mix in the saturated zone, as in the -
area of the old calciner ponds and the old kiln scrubber ponds, there is an overall increase in pH
and additional constituents may precipitate out of solution. Fluoride precipitation is another
chemical reaction that occurs when infiltrating fluids and groundwater mix.

The fluids from various FMC sources contain elevated fluoride concentrations compared to-'
background groundwater. For example, fluoride concentrations were over 1,500 mg/1 in former-
Pond 8S fluids, compared with 0.4 mg/1 to 0.8 mg/1 in background groundwater. Equilibrium -
modeling indicates that the groundwater is nearly saturated with respect to fluoride at
concentrations of about 0.75 mg/1 and conditions in the aquifer favor precipitation of mineral
fluorite (Sn, 1994). Therefore, additional fluoride introduced into the aquifer cannot be held in ...
solution by the groundwater, and it precipitates. The rapid decrease in fluoride concentrations .
can be seen at former Pond 8S, where fluoride concentrations decrease rapidly within a very ~
short distance from the source.

The oxidation-reduction potential (Eh) also plays a role in the mobility of certain constituents in
groundwater. For example, at former Pond 8S the two monitoring wells located immediately
downgradient from the pond were the only wells in which reducing conditions were observed
(Eh -150 mV), relative to the oxidizing conditions in the aquifer upgradient and downgradient
from the pond (+100 to +200 mV). When infiltrating fluid from this pond mixes with aquifer
water, and Eh increases, there may be shifts in the valence state of certain constituents that affect
their solubility. These changes may reduce or increase mobility, depending on the chemical in
question. Two reactions that were apparent downgradient from former Pond 8S are the
transformation of ammonia to nitrate and total phosphorus to orthophosphate. Both these
reactions reflect a shift from reducing to oxidizing conditions as the infiltrating fluid mixes and
equilibrates with the groundwater.
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In summary, constituent concentrations decrease along groundwater flowpaths from source areas
as a result of physical and chemical processes, which include (to varying degrees) precipitation,
adsorption, and advective mixing. As shallow groundwater moves to the northeast through the
FMC Subarea, it encounters the more prolific water-bearing zones of the Michaud Rats
hydrogeologic regime and advective mixing results in significant declines in concentrations of
site-related constituents. The declines in concentrations for key site-related constituents are
illustrated in the isoconcentration plots shown in Figures 2.3-4 through 2.3-10. The plumes of
affected groundwater are either static or decreasing in size as a result of the elimination of
sources and past improvements in operations (e.g. closure of all unlined ponds).

2.4.3 Surface Water

The site investigation found no channels by which stormwater discharges from the FMC
facilities. The FMC facilities are separated from the Portneuf River by the Union Pacific
Railroad and Highway 30. The railroad track bed is raised above the terrain of the FMC facility
and forms a barrier separating the FMC facilities from the river.

Surface runoff within the FMC facilities is infrequent, and is contained within storm drainage
facilities and depressions in the terrain. The storm runoff is dissipated either through
evaporation or infiltration. No significant ponding of stormwater is evident during typical storm
events.

As described hi Section 2.1, FMC-affected groundwater ultimately discharges to the Portneuf
River via springs and river bank seepage. The effect of this discharge on surface water quality is
not measurable in the river. Likewise, the effects of discharges to the river via the permitted
rww ditch outfall are not measurable in surface water, or in sediment beyond the localized
outfall area.

Consequently, surface water runoff is not a significant release mechanism for constituents
originating from the FMC Subarea.

2.4.4 Air

The FMC plant emits a number of constituents as described by the facility emissions inventory
presented in the RI report, Part HI (Bechtel, 1995). Human receptors may be exposed to
airborne constituents via the inhalation pathway. This section discusses the fate and transport of
airborne constituents released from the FMC Subarea.

The FMC plant emission inventory provides the basis for dispersion modeling, which is used to
identify and rank airborne sources. As stated in Section 2.3.4, air emissions from the FMC plant
are regulated by the state of Idaho in Air Permit 13-1260-0005. An air quality agreement was
entered into between FMC and the Shoshone-Bannock Tribes on May 23, 1995, that also
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provides for regulation of these emissions. The FMC plant permit includes emissions from ore
handling/crushing operations, calciners, various material handling systems, four electric arc
furnaces, and the phos dock. There are no significant criteria pollutant emissions from non-
permitted sources. Controls and permit conditions placed on the facility for the criteria
pollutants are also expected to control emissions for the COPCs.

Air monitoring program data described in Section 2.3.4 showed that several constituents were
above background concentrations and conservative EPA screening levels at monitoring sites near
the boundaries of the FMC Subarea. Sources from within the FMC Subarea, the Simplot
Subarea, the former Bannock Paving Company area, and regional background all contribute to
observed concentrations of the constituents near the EMF Site. Dispersion modeling was used to
provide an analysis of the relative contribution of FMC Subarea sources. The dispersion
modeling is described in the RI, Part HI, Vol. 2. Data on predicted annual average
concentrations are contained in Tables 2.3-16 through 2.3-18. These data provide a comparison
of monitored and modeled (predicted) concentrations at the nearby monitoring sites.

Dispersion modeling techniques were applied to simulate FMC Subarea source releases of key
constituents with respect to the air pathway. The results were sorted at receptors of interest to
assess the relative contribution of sources within the FMC Subarea to predicted annual
concentrations of PM10, arsenic, cadmium, total chromium, fluoride, lead-210, and
polonium-210. Isopleth plots of the total contribution by FMC Subarea sources were
constructed from the model predictions to examine the spatial influence of sources within the
FMC Subarea on areas outside the FMC and Simplot subareas. Figures 2.4-1 through 2.4-6
provide the annual predictions, based on FMC Subarea sources only, for PM10, arsenic,
cadmium, total chromium, fluoride, and polonium-210. Predicted Iead-210 concentrations were
below the analytical instrument detection limit (IDL) and were not contoured. As discussed in
the RI and in Section 2.3.4, activities of lead-210 were typically elevated at all monitoring sites
on a given sampling day, indicating an influence from a source(s) other than the EMF Site
operating facilities.

Air model predictions of ambient air quality correlate well with monitoring data. The highest
predicted annual concentrations when compared to the highest average concentrations recorded
within the monitoring network were within the performance criteria specified by the EPA to
judge model performance for 15 of the 18 constituents. In some instances, the model
simulations both over-predicted and under-predicted concentrations for selected sites and
constituents, but consistent biases in the predictions were not apparent. Examples of over-
prediction include the predictions for total chromium, nickel, and thorium in elevated terrain.
Examples of under-prediction include the phosphorus and cadmium predictions at several far-
field sites. Within the bounds of acceptable uncertainty, the modeling methodologies can be
applied as useful tools to evaluate current operations and to assess how ambient air quality might
be affected by future changes in process operations.
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For evaluation of the relative contribution of sources within the FMC Subarea, the air quality
monitoring sites (Sites 1 through Site 7) were used to represent areas of interest because of their
diverse spatial coverage and because data at these locations form the basis of the BRA. Tables
2.4-1 through 2.4-7 list individual sources within the FMC Subarea that are in the top 20
contributors to the predicted annual concentrations (activities) of PM10, arsenic, cadmium, total
chromium, total fluorides, lead-210, and polonium-210 at the monitoring sites. The
identification or "model label" used for the sources are those identified in the air modeling
studies described in the RI, Part ni, Vol. 2. Percentages shown for each source are the percent
of total FMC Subarea emissions that source represents at that receptor location. The summary
percentage at the bottom of the tables indicates the overall contribution of all FMC Subarea
sources with respect to the predicted EMF Site total annual concentration at each receptor.

Contributions to PM10 from the FMC Subarea are primarily from low-level fugitive sources
(coke handling, the oversize ore pile, and the phosdock) at Sites 1 and 2, with some contribution
from the calciner scrubber stacks at Site 7, which is located in elevated terrain. Arsenic, total
chromium, and lead-210 follow a similar pattern. (It should be noted, however, that the model
tends to overpredict total chromium by a factor of 10 in elevated terrain.)

Cadmium varies from site to site. At Site 1, FMC contributions are primarily from the calciner
scrubber stacks, with additional contributions from furnace and furnace tapping operations, and
other low-level fugitive sources. At Site 2, contributions from ore handling, furnace, and
furnace tapping operations predominate, with significant contributions from the calciner
scrubber stacks and other low level fugitive sources (ore handling is the largest single source).
At the elevated Site 7, contributions from the calciner scrubber stacks predominate, with lesser
contributions from other low-level fugitive sources. Polonium-210 activities are almost
exclusively contributed from the calciner scrubber stacks.

Although FMC contributions to the total fluoride emissions from the EMF facilities are
relatively small (less than 20% of the total), they are primarily from low level fugitive sources,
and therefore have greater apparent contributions at local receptor points, especially near the
facility boundaries, while stack-based emissions from the Simplot Don Plant are more widely
dispersed. This is evident from the higher relative contributions from FMC sources at Sites 1
and 2, and the lower percentage contribution at Site 7.

As stated earlier, air emissions from the FMC plant are regulated by the state of Idaho in Air
Permit 13-1260-0005. Additionally, FMC and the Shoshone-Bannock Tribes entered into an air
quality agreement on May 23, 1995, that also provides for regulation of these emissions. There
are no significant criteria pollutant emissions from non-permitted sources. Controls and permit
conditions placed on the facility for the criteria pollutants are also expected to control emissions
for the COPCs.
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TABLE 2.4-1
Contributions of Top 20 FMC Subarea Sources and Overall Rank

Annual PM10 Concentrations

Rank

1

2
3
4
5
6
7

8
9
10
11
12
13
14
15
16
17
18
19
20
all

'(*)
all

ug/m3

Sitel
SrcName (%)

cokehand 12.97
oversize 8.46

dischbh 7.20
phosdock 5.21
slagpit 5.21
csl_l 4.69
csl_2 4.68
slagpile 4.55
orehand 4.48
propbldg 4.25

idpile 3.25
Furnace 2.45
rdore 2.43

dustsilo 2.03
cvl_2 2.02
enoduleb 2.01

FMC 71.5

FMC 4.39

Site 2
SrcName (%)

orehand 21.75
cokehand 19.71
rdore 9.02

phosdock .6.78
propbldg 5.30
dischbh 5.29
slagpit 4.59

dustsilo 2.63
furnace 2.42
enoduleb 2.28
dustsilo 1.81

rdpit 1.59

wnoduleb 1 .36
oversize 1 .35
cokebagh 1 .20

FMC 84.0

FMC 27.49

Site 3
Src Name (%)

cokehand 10.09
csl_l 6.96
csl_2 6.92

oversize 6.61
phosdock 4.92

dischbh 4.43
slagpit 4. 1 6
slagpile 3.80
cs2 1 3.57
cs2^2 3.55
propbldg 3.08
dustsilo 2.98

orehand 2.82
enoduleb 2.73
rdpile 2.65
cvl_2 2.59
furnace 2.28

cvl 1 2.05

FMC 79.4

FMC 1.14

Site 4
Src Name (%)

oversize 13.84

cokehand 10.20
slagpile 5.72
cslj 5.54
dischbh 5.03
csl_2 4.84
phosdock 4.64
slagpit 4.28
rdpile 4.00

propbldg 3.27
orehand 3.06

cs2_2 2.56
cs2 1 2.55

dustsilo 2.19
furnace 2.18
enoduleb 2.17
cvl_2 2.12

FMC 75.1

FMC 1.57

Site 5
Src Name (%)

oversize 1 1 .95
cokehand 8.50
slagpile 7.95

rdpile 5.66
slagpit 4.31
phosdock 4.25
dischbh 4.08
csl_2 4.03
csl 1 4.02
dustsilo 3.86

enoduleb .3.03
rdpond 2.85
propbldg 2.80

cvl_2 2.16
furnace • 2.14
cs2_2 2.12
cokebagh 2.08

FMC 77.6

FMC 1.08

Site 6
SrcName (%)

oversize 10.20

cokehand 8.03
csl_2 5.64

cslj 5.64
slagpile 5.56

phosdock 4.40
rdpile 3.98
dustsilo 3.77
enoduleb 3.41
slagpit 3.34
dischbh 3.25
cs2_2 2.93
cs2_l 2.93
cvl 2 2.73
wnoduleb 2.66

cokebagh 2.38
propbldg 2.28

FMC 78.0

FMC 0.11

Site?
Src Name (%)

oversize 10.90
cokehand 9.46

csl_l 6.92
csl_2 6.90
dischbh 5.00
cs2_l 4.18
cs2_2 4.17
phosdock 3.94

slagpile 3.62
slagpit 3.56
propbldg 3.13
cvl_2 .2.64
orehand 2.55
rdpile ...2.44
dustsilo -2.38
enoduleb .. 2.23
cv2_2 '2-22
cvl_l /2.13

•• t

FMC 79.9

FMC 6.52

Notes: Percentages shown are for the FMC Subarea contributions to the total EMF source contributions. Background and regional
sources and BAPCO contributions are not included in the above percentages.

EXPLANATION:

cokebagh
cokehand
cslj
csl_2
cs2_1
cs2_2
cvlj
cvl_2
cv2_2
dischbh
dustsilo
enoduleb

coke handling baghouse
coke handling
calciner#l, stack #1
calciner #1, stack #2
calciner #2, stack #1
calciner #2, stack #2
calciner # I, cooler vent#l
calciner #1 , cooler vent #2
calciner #2, cooler vent #2
discharge baghouses
dust silo baghouse
east nodule baghouse

furnace
orehand
oversize
phosdock
propbldg
rdore
rdpile
rdpit
rdpond
slagpile
slagpit
wnoduleb

furnace building
ore handling
oversize ore pile
phos dock
proportioning building
roads centered on ore pile
roads centered on slag pile
roads centered on slag pit
roads centered on pond area
slag pile
slag pit
west nodule baghouse
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Section 2 Site Characterization FMC Subarea

TABLE 2.4-2
Contributions of Top 20 FMC Subarea Sources and Overall Rank

Annual Arsenic Concentrations

Rank

1

2
3
4

5
6
7
8
9
10
11
12
13
14

15
16
17
18
19
20
all

(*)
all

|ig/m3

Sitel
Src Name (%)

phosdock 20.47
oversize 8.80
dischbh 8.08

orchard 4.04
furnace 4.02
slagpit 3.9S
cslj 3.17
csl_2 3.15
idpile 2.99
propbldg 2.71
slagpile 2.63
cvl_2 2.26
enoduleb 2.26
phosdock 2.19
2funapb 1.86
rdore 1.86
Ifurtaph 1.86
dustsilo 1.79
4furtaph 1.78.

FMC 92.3

FMC 1.96&04

Site 2
Src Name (%)

phosdock 27.14
orehand 20.02
rdore 7.02
dischbh 6.05
furnace 4.03
slagpit 3.54
propbldg 3.45

enoduleb 2.61
dustsilo 2.36
phosdock 2.04
dustsilo 1.62
Ifurtaph 1.60
2furtaph 1.60
wnoduleb 1.55
4furtaph 1.43
3furtaph 1.43
oversize 1.43
cokehand 1.16
cvl 2 0.86

FMC 95.8

FMC 1.20E-03

She 3
Src Name (%)

phosdock 18.28

oversize 6.5 1
dischbh 4.70
csl_l 4.44
csl_2 4.41
furnace 3.53
phosdock 3.40
Ifunaph 2.98
slagpit 2.98
2furtaph 2.98
Sfunaph 2.97
4furtaph 2.97
enoduleb 2.90
cvl_2 Z74
dustsilo 2.48
orehand 2.41
rdpile 2.31
cvl_l 2.17
slagpile 2.08

FMC 90.7

FMC 537E-O5

Site 4
Src Name (%)

phosdock 18.01
oversize 14.26

dischbh 5.58
cslj 3.69
rdpile 3.64
furnace 3.53
slagpile 3.27
csl_2 3.23
slagpit 3.21
orehand 2.74
enoduleb 2.41
cvl_2 2.35
phosdock 2.16
2fimaph 2.11
Ifurtaph 2.10
4furtaph 2.07
3furtaph 2.07
propbldg 2.06
dustsilo 1.91

FMC 91.2

FMC 7.08E-05

SiteS
Src Name (%)

phosdock 16.10
oversize 12.02

rdpile 5.03
slagpile 4.43
dischbh 4.42
furnace 339
phosdock 330
enoduleb 3.28
dustsilo 3.28
slagpit 3.16
2furtaph 2.84
4furtaph 2.84
Ifurtaph 2.84
3furtaph 2.84
csl_2 Z62
csl_l Z62 .
cvl_2 2.34
wnoduleb 2.15
orehand 1.80

FMC 87.2

FMC 4.97E-O5

Site 6
Src Name (%)

phosdock 15.99
oversize 9.84

phosdock 4.09
enoduleb 3.54
csl_2 332
csl_l 3.52
rdpile 3.39
dischbh 3.37
furnace 3.34
4furtaph 3.16
Sfurtaph 3.16
2furtaph 3.16
Ifurtaph 3.16
dustsilo 3.08
slagpile 2.98
cvl_2 2.82
wnoduleb 2.76
slagpit 2.34
cvl_l 2.17

FMC 90.4

FMC 531&06

Site?
Src Name (%)

phosdock 15.32
oversize 11.21
dischbh 5.55
csl_l 4.61
csl_2 4.60

cvl_2 2.92
phosdock 2.85
furnace 2.83
slagpit 2.67
enoduleb 2.48
cv2_2 2.47
2furtaph 2.40
Ifurtaph 2.40
cvl_l 2.35
orehand 2.28
4furtaph 2.27
3furtaph 2.27
rdpile 2.22
dustsilo 2.07

FMC 94.8

FMC 2.94&04

Notes:Percentages shown are for the FMC Subarea contributions to the total EMF source contributions. Background and regional sources
and B APCO .contributions are not included in the above percentages.

EXPLANATION:

Ifurtaph
2furtaph
Sfurtaph
4furtaph
cokehand

cslj
csl_2
cvl_l
cvl_2
cv2_2
dischbh
dustsilo

#1 furnace tap hood vent
#2 furnace tap hood vent
#3 furnace tap hood vent
#4 furnace tap hood vent
coke handling
calciner#l, stack #1
calciner #1, stack #2

. calciner #1, cooler vent #1
calciner #1 , cooler vent #2
calciner #2, cooler vent #2
discharge baghouses
dust silo baghouse

enoduleb
furnace
orehand
oversize
phosdock
propbldg
rdore
rdpile
slagpile
slagpit
wnoduleb

. east nodule baghouse
furnace building
ore handling
oversize ore pile
phos dock
proportioning building
roads centered on ore pile
roads centered on slag pile
slag pile
slag pit
west nodule baghouse
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FMC Subarea Section 2 Site Characterization

TABLE 2.4-3

Contributions of Top 20 FMC Subarea Sources and Overall Rank

Annual Cadmium Concentrations

Rank

1

2

3

4

S

6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
all

(*)
all

Ug/m3

Sitel
Src Name (%)

csl_l 17.69
csl_2 17.62

slagpit 5.25
cs2_l 5.17
cs2_2 5.17
furnace 5.13
dischbh 4.90
oversize 4.37

slagpile 3.39
2funaph 3.31
Ifunaph 3.30
4funaph 3.16
3furtaph 3.16
propbldg 1.57
cvl_2 137
enoduleb 1.37
rdpile 1.23
orehand 1.15

FMC 88.1

FMC 1.79E03

Site 2
Six Name (%)

orehand 10.37
furnace 9.41
slagpit 8-58
csl_l 7.38
csl_2 7.33
dischbh 6.68

Uurtaph 5.19
2furtaph 5.18
4fuitaph 4.64
3furtaph 4.63

rdore 4.21
propbldg 3.65
enoduleb 2.88
dustsilo 2.58
rdpit 1.81
dustsilo 1.77
wnoduleb 1.71
oversize 1.29

FMC 88.0

FMC 6.01E-03

Site 3
Src Name (%)

csl_l 19.74
csl_2 19.63
cs2_l 7.62
cs2_2 7.58

Ifurtaph 4.22
2furtaph 4.21
3furtaph 4.20
4furtaph 4.20
furnace 3.60
slagpit 3.15
oversize 2.58
dischbh 2.27
slagpile 2.13
enoduleb 1.40
cvl_2 1.32
dustsilo 1.18
cvl_l 1.05
wnoduleb 0.99
propbldg 0.86

FMC 92.1

FMC 6.15E-04

Site 4
Src Name (%)

csl_l 18.97
csl_2 16.59
cs2_2 6.60
cs2_l 6.57
oversize 6.52

furnace 4.16
slagpit 3.92
slagpile 3.88
2furtaph 3.44
Ifurtaph • 3.44
4furtaph 339
3furtaph 338
dischbh 3.11

rdpile 138
enoduleb 134
cvl_2 1.31
propbldg 1.10
dustsilo 1.05

FMC 90.4

FMC 7.02E-04

SiteS
Src Name (%)

csl_2 14.27
csl_l 14^25

oversize 5.82
cs2_2 5.66
slagpile 5.57
2furtaph 4.91
4funaph 4.91
Ifurtaph 4.91
3furtaph 4.90
cs2_l 4.53
furnace 4.23
slagpit 4.08
dischbh 2.61
rdpile 2:02
enoduleb 1.94
dustsilo 1.91
cvl_2 1.38
wnoduleb 1.27

FMC 87.6

,_ FMC 4.65E-04

Site 6
Src Name (%)

csl_2 17.09
csl_l 17.07

cs2_2 6.68
cs2 1 6.67
4furtaph 4.88
3furtaph 4.88
Ifurtaph 4.87
Ifurtaph 4.87
oversize 4.24
furnace 3.71
slagpile 3.33
slagpit 2.70
enoduleb 1.86
dischbh 1.77
dustsilo 1.60
cvl_2 1.49
wnoduleb 1.45
rdpile 1.22
cvl_l 1.15

FMC 91.4

FMC 5.58E-05

She?
Src Name (%)

csl_l 19.97
csl_2 19.93
cs2_l 9.09
cs2_2 9.07
oversize 4.32
2furtaph 3.31
Ifurtaph 3.30
4furtaph 3.13
3furtaph 3.12

furnace 2.80
slagpit 2.75
dischbh 2.61
slagpile 2.07
cvl_2 1.37
enoduleb 1116
cv2_2 V.-16
cvl_l l'.l,K
dustsilo 0.96
wnoduleb 0.90

FMC 94.9

FMC 3.46E-03

Notes: Percentages shown are for the FMC Subarea contributions to the total EMF source contributions. Background and regional sources
and BAPCO contributions are not included in the above percentages.

EXPLANATION:

Ifurtaph #1 furnace tap hood vent
2furtaph #2 furnace tap hood vent
3furtaph #3 furnace tap hood vent
4furtaph . #4 furnace tap hood vent
csl_l calciner #1, stack #1
csl_2 calciner#l,stack#2
cs2_l calciner #2, stack #1
cs2_2 calciner #2, stack #2
cvl_l calciner #1, cooler vent # I
cyl_2 calciner #1, cooler vent #2
cv2_2 calciner #2, cooler vent #2
dischbh discharge baghouses

dustsilo dust silo baghouse
enoduleb east nodule baghouse
furnace furnace building
orehand ore handling
oversize oversize ore pile
propbldg proportioning building
rdore roads centered on ore pile
rdpile roads centered on slag pile
rdpit roads centered on slag pit
slagpile . slagpile
slagpit slag pit
wnoduleb west nodule baghouse
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Section 2 Site Characterization FMC Subarea

TABLE 2.4-4

Contributions of Top 20 FMC Subarea Sources and Overall Rank

Annual Total Chromium Concentrations

Rank

1
2
3
4

5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
all

(%)
all

Hg/m3

Sitel
Six Name (%)

oversize 16.57
dischbh 14.28
orehand 10.23
propbldg 4.87
cvl_2 4.01
enoduleb 3.99
furnace 3.46
dustsilo 3.17
dustsilo 3.11
cvl_l 3.04
wnoduleb 2.97
s&nodule 2.76
discsbh 2.60
discnbh 159
slagpilc 2.00
cokehand 2.00

slagpit 1.96
rdore 1.72
cv2_2 1.69

FMC 95.3

. FMC 6.20&O3

Site 2
SrcName (%)

orehand 43.74
dischbh 9.23
rdore 5.60
propbldg 5.35
enoduleb 3.98
dustsilo 3.63
furnace 3.00
cokehand 2.68
dustsilo 2.49
wnoduleb 2.36
oversize 2.32
slagpit 1.52
cvl_2 1.31
s&nodule 1.27
mshalebh 1.09
discnbh 0.97
discsbh 0.92
cvlj 0.89

eburden 0.81

FMC 97.4

FMC 4.41E-02

Site 3
SrcName (%)

oversize 13.85
dischbh 9.38
orehand 6.88
enoduleb 5.78
cvl_2 5.47
dustsilo 4.98
cvl_l 434
wnoduleb 4.10
propbldg 3.78
cv2_2 3.51
furnace 3.44
discnbh 2.85
discsbh . 2.84

dustsilo 2.53
eburden 2.10
cv2_l 1.97
slagpile 1.79
slagpit 1.67
cokehand 1.66

FMC 94.9

FMC 1J1E-03

Site 4
SrcName (%)

oversize 26.76
dischbh 9.83
orehand 6.90
enoduleb 4.25
cvl_2 4.14
propbldg 3.69
dustsilo 3.38
cvl_l 3.28
wnoduleb 3.11
furnace 3.03
slagpile 2.48
dustsilo 2.40
cv2_2 132

discsbh 2.19
discnbh 2.19
s&nodule 1.79
slagpit 1.59
cokehand 1.55
rdpile 1.42

FMC 94.7

FMC 125E-03

SiteS
SrcName (%)

oversize 22.97
dischbh 7.94
dustsilo 5.91
enoduleb 5.89
orehand 4.62
cvl_2 4.20
wnoduleb 3.86

slagpile 3.43
propbldg 3.15
cvlj 2.98
furnace 2.97
discsbh 2.92
discnbh 192
cv2_2 2.90
dustsilo Z12
rdpile 2.00
eburden 1.59
slagpit 1.59
mshalebh 134

FMC 93.6

FMC 1.55E-03

Site 6
Src Name (%)

oversize 19.77
enoduleb 6.67
dischbh 6.36
dustsilo 5.83
cvl_2 5.34
wnoduleb 5.19
orehand 4.64
cvlj 4.12
discsbh 3.65
discnbh 3.64
furnace 3.07
cv2_2 2.94

propbldg 2.59
slagpile 2.42
eburden 1.89
dustsilo 1.69
cv2_l 1.67
mshalebh 1.58
wburden 1.47

FMC 95.0

FMC 1.58E-04

Site?
Src Name (%)

oversize 21.46
dischbh 9.98
orehand 5.87
cvl_2 5.26
enoduleb 4.45
cv2_2 4.43
cvl_l 4.25
dustsilo 3.74
propbldg 3.62
wnoduleb 3.43
cv2_l 2.95
discsbh 2.74
discnbh 2.73
furnace 2.48
dustsilo 126
s&nodule 1.96
slagpile 1.60
eburden 1.51
cokehand 1.47
slagpit 135

FMC 96.3

FMC 9.15E-03

Notes: Percentages shown are for the FMC Subarea contributions to the total EMF source contributions. Background and regional sources
and BAPCO contributions are not included in the above percentages.

EXPLANATION!

cokehand coke handling
cvl_l calciner#l, cooler vent #1
cvl_2 calciner #1, cooler vent #2
cv2_ 1 calciner #2, cooler vent # 1
cv2_2 calciner #2, cooler vent #2
dischbh discharge baghouses
discnbh discharge north baghouse
discsbh discharge south baghouse
dustsilo dust silo baghouse
eburden east burden baghouse
enoduleb east nodule baghouse
furnace furnace building

mshalebh middle shale baghouse
orehand ore handling
oversize oversize ore pile
propbldg proportioning building
rdore roads centered on ore pile
rdpile roads centered on slag pile
s&nodule silica and nodule stockpiles
slagpile slag pile
slagpit slag pit
wburden west burden baghouse
wnoduleb west nodule baghouse
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FMC Subarea Section 2 Site Characterization

TABLE 2.4-5
Contributions of Top 20 FMC Subarea Sources and Overall Rank

Annual Fluoride Concentrations

Rank

1
2

3
4

5

6
1

8
9
10
11

12

13
14

15
16
17

18
19
20
all
(%)
all

(ig/m3

Sitel
SrcName (%)

cvl_l 11.09

calc2 9.09

calcl 8.95
oversize 7.28
dischbh 6.93

cv2_l 6.76
propbldg 5.45

orehand 4.03

slagpile 3.98

furnace 3.16

FMC 51.8

FMC 0.25

Site 2
SrcName (%)

orehand 25.66

rdore 11.95
calcl 9.95

propbldg 8.68
calc2 7.67

dischbh 6.50

cvl_l 5.27

furnace 4.33

dustsilo 1.98

FMC 67.9

FMC 1.09

Site 3
SrcName (%)

cv2_l 14.42
cvl_l 14.07

calcl 6.86
calc2 6.70

oversize 5.93

dischbh 4.74
propbldg 4.35

slagpile 3.46
furnace 2.90
csl_l 2.87
csl_2 2.86
orehand 2.64

FMC 38.0

FMC 0.07

Site 4
SrcName (%)

oversize 11.62
cvl_l 11.15

cv2_l 10.00

calc2 7.03

calcl 7.00

dischbh 5.10
slagpile 4.90

propbldg 4.34

orehand 2.83

furnace 2.72

FMC 24.7

FMC 0.10

SiteS
SrcName (%)

oversize 1 1 .04
cvlj 9.91

cv2_l 8.45

slagpile 7.16
calc2 7.13

calcl 7.01

dischbh 4.71
rdpile 4.05

propbldg 4.02

furnace 2.84
rdpond 2.55
orehand 2.12

FMC 45.2

FMC 0.07

Site 6
SrcName (%)

oversize 1 1 .08
cvl 1 10.48

cv2_l 9.63

calc2 7.25
calcl 7.18

slagpile 6.08
dischbh 4.92

propbldg 4.29
rdpile 3.36
furnace 2.95
orehand 2.35
sunpond 0.02

FMC 35.8

FMC 0.01

Site?
Src Name (%)

cv2_l 20.95

cvlj 13.33

oversize 8.15

calcl 5.85

calc2 5.78
dischbh 4.67
propbldg 3.74

slagpile 2.7T

csl_l 2.44
csl_2 2.44

cs2_l 2.32

FMC 28.2

FMC 0.43

Notes: Percentages shown are for the FMC Subarea contributions to the total EMF source contributions. Background
and regional sources and B APCO contributions are not included in the above percentages.

EXPLANATION:

calcl
calc2
csl_l
csl_2
cs2_l
cvl_l
cv2_l
dischbh
dustsilo

calciner #1
calciner #2
calciner #1, stack #1
calciner #1 , stack #2
calciner #2, stack # 1
calciner #1, cooler vent #1 .
calciner #2, cooler vent #1
discharge baghouses
dust silo baghouse

furnace
orehand
oversize
propbldg
rdore
rdpile
rdpond
slagpile
sunpond

furnace building
ore handling
oversize ore pile
proportioning building
roads centered on ore pile
roads centered on slag pile
roads centered on pond area
slag pile
solar drying pond
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Section 2 Site Characterization FMC Subarea

TABLE 2.4-6

Contributions of Top 20 FMC Sobarea Sources and Overall Rank

Annual Lead-210 Activities

Rank

1

2

3

4

5

6

7

8.

9

10

11

12

13

14

15

16

17

18

19

20

all

(*)
all

pCi/m3

SHel
Six Name (%)

slagpit 19.36

slagpile 16.81

cokehand 16.75

oversize 6.07

dischbh 4.58

furnace 4.02

propbldg 3.97

csl_l 3.62

csl_2 3.61
orehand 3.21

cokebagh 1.74

dustsilo 1.46

dustsilo 1.42

cs2_l 1.41

cs2_2 1.41

cvl_2 1.28

FMC 80.8

FMC 1.02E-04

Site 2
Src Name (%)

cokehand 28.85
slagpit 19.31

orehand 17.67

propbldg 5.61

furnace 430

dischbh 3.81

slagpile 3.71

dustsilo 2.14

cokebagh 1.76

enoduleb 1.64

dustsilo 1.47

oversize 1.09

wnoduleb 0.98
csl_l 0.92

csl_2 0.92

FMC 883

FMC 5.65E-04

Site 3
Src Name (%)

slagpit 16.40

slagpile 14.93

cokehand 13.85

csl 1 5.70

csl_2 5.67

oversize 5.05

furnace 3.98

propbldg 3.06

dischbh 2.99

cs2_l Z93

cs2_2 2.92

cokebagh 2.37

dustsilo 2.27

orehand 2-14

enoduleb 1.84

cvl_2 1.75

FMC 75.6

FMC 2.50E-05

Site 4
Src Name (%)

slagpile 21.20

slagpit 15.95

cokehand 13.23

oversize 9.99

csl_l 4.28

csl_2 3.75
furnace 3.59

dischbh 3.21

propbldg 3.06

orehand 2.20

cs2_2 1.99

cs2 1 1.98

cokebagh 1.91

dustsilo 1.58
enoduleb 1.39

cvl_2 1.35

FMC 78.9

FMC 3.64E-OS

StteS
Six Name (%)

slagpile 2834

slagpil 15.46

cokehand 10.61

oversize 8.29

furnace 3.40

csl_2 3.00

csl_l 2.99

dustsilo 2.67

cokebagh 2.59

propbldg 2.52

dischbh 2.50

enoduleb 1.86

cs2_2 1.58

orehand 1 .43

FMC 70.8

FMC 2.60E-05

Site 6
Src Name (%)

slagpile 21.61

slagpit 13.03

cokehand 10.91

oversize 7.71

csl_2 4.57

csl_l 4.57

furnace 3.80

cokebagb 3.23

dustsilo 2.85

cs2_2 238

cs2_l 238

enoduleb 2.27
propbldg 2.24

dischbh 2.17
cvl_2 1.82

wnoduleb 1.77

FMC 74.7

FMC 2.45E-06

Site?
Src Name (%)

slagpile 14.43

slagpit 14.26

cokehand 13.20
oversize 8.44

csl.l 5.76

cs!_2 5.75

cs2_l 3.49

cs2_2 3.49
dischbh 3.43

propbldg 3.16

furnace 3.09

cokebagh 2.10

orehand 1.98

dustsilo 1.84
cvl_2 1.81

enoduleb 1.53

cv2_2 1.53
cvl_l 1.46

FMC 863

FMC 1.41EO4

Notes: Percentages shown are for the FMC Subarea contributions to the total EMF source contributions. Background and regional sources
and BAPCO contributions are not included in the above percentages.

EXPLANATION:

cokebagh coke handling baghouse
cokehand coke handling

csl_l calciner#l, stack #1

csl_2 calciner#l,stack#2
cs2_l . calciner#2, stack #1

cs2_2 calciner#2,stack#2
cvl_l calciner#l, cooler vent #1

cvl_2 calcinertfl. cooler vent #2
cv2_2 calciner #2, cooler vent #2

dischbh discharge baghouse

dustsilo dust silo baghouse
enoduleb east nodule baghouse

furnace furnace building

orehand ore handling
oversize oversie ore pile
propbldg proportioning building

slagpile slag pile

slagpit slag pit
wnoduleb west nodule baghouse
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TABLE 2.4-7
Contributions of Top 20 FMC Subarea Sources and Overall Rank

Annual Polonium-210 Activities

Rank

1

2

3
4

5
6
7

8
9

10
11
12

13
14

15
16
17

18
19
20

all

(*)
all

pCi/m3

Sitel
Src Name (%)

csl_l 34.42
csl_2 34.30
cs2_l 15.45
cs2_2 15.44
oversize 0.09

slagpit 0.06
slagpile 0.05
orehand 0.05

dischbh 0.03
furnace 0.03
propbldg 0.01
cvl_2 0.01
enoduleb 0.01
dustsilo 0.01
dustsilo 0.01
cvl_l 0.01

wnoduleb 0.01

FMC 99.9

FMC 2.70E-02

Site 2
Src Name (%)

csl_l 42.02
csl_2 41.72
cs2_2 8.91
cs2_l 5.04
orehand 1.24
slagpit 0.29
furnace 0.15
dischbh 0.11

oversize 0.08
propbldg 0.06
slagpile 0.06
enoduleb 0.05
dustsilo 0.04
mshalebh 0.03
dustsilo 0.03
wnoduleb 0.03

orerec 0.02
cvl_2 0.02

FMC 99.8

FMC 3.11E-02

Site 3
Src Name (%)

csl_l 31.42

csl_2 31.25
cs2_l 18.61
cs2_2 18.52
oversize 0.04

slagpit 0.03
slagpile 0.03
orehand 0.02
furnace 0.02
dischbh 0.01
enoduleb 0.01
cvl_2 0.01
dustsilo 0.01

cvlj 0.00
wnoduleb 0.00
propbldg 0.00
cv2_2 0.00

FMC 99.9

FMC 1.14E-02

Site 4
Src Name (%)

csl_l 33.90
csl_2 29.65
cs2_2 18.08
cs2_l 18.01
oversize 0.12

slagpile 0.05
slagpit 0.04

orehand 0.03
furnace 0.02
dischbh 0.02
enoduleb 0.01
cvl_2 . 0.01

propbldg 0.01
dustsilo 0.01
cvl_l 0.01
wnoduleb 0.01

FMC 99.9

FMC 1.16E-02

SiteS
Src Name (%)

csl_2 32.17
cslj 32.12
cs2_2 19.56
cs2_l 15.68
oversize 0.14
slagpile 0.10

slagpit 0.05
furnace 0.03
orehand 0.02
dischbh 0.02

enoduleb 0.01
dustsilo 0.01

cvl_2 0.01
wnoduleb 0.01

mshalebh 0.01

FMC 99.9

FMC 6.08E-03

Site 6
Src Name (%)

csl_2 31.18
cslj 31.15

cs2_2 18.70
cs2_l 18.68

oversize 0.08
slagpile 0.05

slagpit 0.03
furnace 0.02
orehand 0.02
enoduleb 0.01
dischbh 0.01
dustsilo 0.01
cvl_2 0.01
wnoduleb 0.01

cvl_l 0.01
mshalebh 0.01
discsbh 0.01
discnbh 0.01

FMC 99.9

FMC 9.01E-04

Site?
Src Name (%)

cslj 29.41
csl_2 29.35
cs2_l 20.54
cs2_2 20.50
oversize 0.07
slagpile 0.02
slagpit 0.02
orehand 0.02

furnace 0.01
dischbh 0.01
cvl_2 0.01

enoduleb 0.00
cv2_2 0.00
cvl_l 0.00
dustsilo 0.00
wnoduleb 0.00
propbldg 0.00
cv2_l 6!60

FMC 100.0

FMC 6.92E-02

Notes: Percentages shown are for the FMC Subarea contributions to the total EMF source contributions. Background and regional sources
and BAPCO contributions are not included in the above percentages.

EXPLANATION:

csl_l calciner #1, stack #1
csl_2 calciner #1, stack #2
cs2_l calciner #2, stack #1
cs2_2 calciner #2, stack #2
cvl_l calciner #1, cooler vent #1
cvl_2 calciner #1, cooler vent #2
cv2_l calciner #2, cooler vent #1
cv2_2 calciner #2, cooler vent #2
dischbh discharge baghouses
discnbh discharge north baghouse
discsbh discharge south baghouse

dustsilo dust silo baghouse
enoduleb east nodule baghouse
furnace furnace building
mshalebh middle shale baghouse
orehand ore handling
orerec ore receiving
oversize oversize ore pile
propbldg proportioning building
slagpile slag pile
slagpit slag pit
wnoduleb west nodule baghouse
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FMC Subarea Section 2 Site Characterization

2.5 SUMMARY OF BASELINE RISK ASSESSMENT

The FMC Subarea consists of the FMC Corporation Elemental Phosphorus Plant (FMC plant)
and the adjacent FMC-owned land to the north and northeast. For the FMC Subarea, the Human
Health Risk Assessment evaluated the potential carcinogenic and noncarcinogenic health effects
of the site-related constituents (1) to the current and hypothetical future workers within the
operating facility and northern properties areas, and (2) to the hypothetical future residents in the
northern non-industrial properties area- However, it should be noted that there are currently no
residences located within the FMC Subarea, and deed restrictions placed on all the FMC
properties will limit the future use of the properties to industrial/commercial use.

The ecological risk assessment did not evaluate onsite exposure to ecological receptors in the
FMC Subarea because wildlife contact and use of the facility grounds at present is minimal due
to facility barriers and activities. Additionally, the FMC elemental phosphorus plant will
continue to operate, and realistic alternative future uses of the facility grounds are unlikely to
allow for significant recolonization by wildlife.

The major findings of the Baseline Risk Assessment (Ecology and Environment, 1995) are
presented by environmental medium.

2.5.1 Soils and Solids

For current workers, the major risk driver for soils and solids estimated in the risk assessment
was radiological cancer risks from external gamma radiation. Exposure was estimated based on
a 1986 aerial survey of the area (EPA 1987). Incremental Cancer Risks (ICRs) were estimated
to be 8.09E-04 for slag pile workers, 6.05E-04 for pond workers, 2.72E-04 for maintenance
workers, and 9.06E-05 for contract workers. External radiation exposure from radioactive
substances in the soil, slag, and other surficial materials on site accounts for approximately 95
per cent of the radiological cancer risks for current facility workers in the baseline risk
assessment Ingestion of soils or solids was also identified as exceeding l.OE-06 ICR for all four
groups of workers. Due primarily to potential exposure to radiological carcinogens lead-210 and
radium-226, an ICR of 1.79E-05 was estimated for slag pile workers, an ICR of 9.70E-06 was
estimated for pond workers, an ICR of 8.72E-06 was estimated for maintenance workers, and an
ICR of 2.91E-06 was estimated for contract workers. Due to potential exposure to chemical
carcinogens arsenic and beryllium, an ICR of 8.32E-06 was estimated for slag pile workers, an
ICR of 5.99E-06 was estimated for pond workers, an ICR of 5.38E-06 was estimated for
maintenance workers, and an ICR of 1.79E-06 was estimated for contract workers.
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As discussed in Section 2.3.1, the Human Health Risk Assessment RBC for arsenic was lower
than the soil background level. Arsenic was measured at concentrations above the EPA soil
background level in 25 of the 65 soil samples collected in the FMC Subarea. Only 12 of the 25
locations are within the main operating areas of the plant. The data indicate that areas where
arsenic concentrations were elevated are sporadic, and no primary source is indicated. Within
the FMC Subarea, arsenic above EPA background levels is found sporadically throughout the
subsurface soils at depths as great as 80 feet.

The Human Health Risk Assessment RBC for beryllium is lower than the EPA background level
for soil. Beryllium was measured at concentrations above the EPA soil background level of
1 mg/kg in 32 of the 65 soil samples collected in the FMC Subarea. The highest concentration
measured was 2.9 mg/kg. Of the 32 samples measured at concentrations above the EPA soil
background level, 23 were between 1.0 and 2.0 mg/kg, and only four were above 2.5 mg/kg.
The locations of these samples are sporadic, and no major source is indicated. Within the FMC
Subarea, beryllium above EPA background levels are found sporadically throughout the
subsurface soils at depths as great as 100 feet.

For future workers, the estimated major risk driver related to soils and solids was inhalation of
radon in a hypothetical new building constructed near contaminated soil under the assumption of
site redevelopment for an alternative use. An ICR of 4.55E-03 for radon inhalation accounts for
82 per cent of the estimated total risk to future workers from the soil pathway. Other soils
pathways of risk were external gamma radiation exposure (ICR of 9.53E-04) and incidental
ingestion of soil or solids (ICRs of 1.45E-05 for radiological carcinogens lead-210 and
radium-226, and 8.97E-06 for chemical carcinogens arsenic and beryllium).

Potential risks from soils to hypothetical future residents living in the FMC Subarea, north of the
plant fenceline and south of Interstate 86 were identified in the Human Health Risk Assessment.
However, as noted above, deed restrictions placed on all the FMC properties in this area will
limit the future use of the properties to industrial/commercial use.

Soil exposure pathways for current and future workers within the FMC Subarea are retained for
further evaluation in the feasibility study. Because deed restrictions placed on all the FMC
properties will limit the future use of the properties to industrial/commercial use, soil exposure
pathways for hypothetical future residents within the FMC Subarea are not retained for further
evaluation in the feasibility study.

2.5.2 Groundwater

Groundwater within the FMC Subarea is used for both the facility drinking water supply and
industrial use. Water for facility use is currently produced from three wells screened in the
deeper aquifer (FMC-1, FMC-3, and FMC-4 on Figure 1.4-3). The facility drinking water
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produced from these wells meets all MCLs. The Lindley well, located north of U.S. 30 is also
owned by FMC, and has been used as a water supply for the adjacent house which has been
removed from the site. This well is now used for landscape watering only. The new Pilot House
well which is also located north of U.S. 30 is used intermittently for water supply, including
potable water, for drag strip operations during the summer months. No other groundwater
withdrawals occur within the FMC Subarea. Groundwater beneath the FMC Subarea is not a
source of drinking water for residential or municipal use, and the Human Health Risk
Assessment did not identify any risk to current workers for this exposure pathway. Therefore,
this current exposure pathway is eliminated from further consideration in the feasibility study for
the FMC Subarea.

Potential ICRs to future workers due to ingestion of groundwater from the shallow aquifer were
estimated at 6.01E-04 for arsenic and 1.56E-05 for lead-210 and radium-226. As shown on
Table 2.3-14, constituent concentrations exceed primary MCLs in certain areas of the FMC
Subarea for antimony, arsenic, nitrate, selenium, thallium, gross alpha, and gross beta. The risk
assessment calculated lead-210 activities from the measured gross alpha data. These data show
that calculating lead-210 activities from gross alpha data may have resulted in overestimation of
lead-210 activities in the risk assessment Additionally, during the collection of groundwater
data for the RI, several changes were made at the FMC facilities. These changes included the
covering and dewatering of a formerly utilized unlined pond (Pond 8S). The closure of this
pond and the lining of the railroad swale are expected to have a positive effect on groundwater
quality within the FMC Subarea. The groundwater exposure pathway for future workers within
the FMC Subarea is retained for further evaluation in the feasibility study.

For hypothetical future residents living within the FMC Subarea to the north of the FMC
operating facility fenceline and south of Interstate 86, a potential risk was estimated for possible
use of contaminated groundwater from the shallow aquifer. However, deed restrictions placed
on all the FMC properties will limit the future use of the properties to industrial/commercial use.
Therefore, groundwater exposure pathways for hypothetical future residents within the FMC
Subarea are not retained for further evaluation in the feasibility study.

2.5.3 Surface Water and Sediments

No risks relating to worker exposure to surface water or sediment in the FMC Subarea were
identified in the risk assessment for either current or hypothetical future scenarios. The surface
water and sediment pathway is therefore eliminated from further consideration in the feasibility
study for the FMC Subarea.
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2.5.4 Air

The Baseline Risk Assessment (BRA) identified a potential risk due to inhalation of EMF-
related constituents. For slag pile workers, an ICR of 5.98E-06 was estimated for inhalation of
chemical carcinogens, primarily cadmium, hexavalent chromium, and arsenic, and 2.04E-05
primarily for inhalation of the radiological carcinogen polonium-210. For pond workers, an ICR
of 3.69E-06 was estimated for inhalation of chemical carcinogens and 1.26E-05 for inhalation of
radionuclides. For maintenance workers, an ICR of 1.79E-06 was estimated for inhalation of
chemical carcinogens, and 6.11E-06 for inhalation of radionuclides. These risks were estimated
based on ambient air concentrations measured at Air Monitoring Site 2. This monitoring site
was selected because preliminary RI air modeling indicated that it is the location of maximum
air concentrations related to EMF emissions. Use of these data, collected at the fenceline rather
than data collected within the operating area increases the uncertainty of the estimation of risk
for workers. Changes in operations compared to the RI monitoring period may also increase
uncertainty in the risk estimates. Concentrations of constituents of potential concern may be
higher than at Site 2 in some operational areas of the EMF facilities, and lower in other areas
(i.e., in the southern, primarily upwind, portions).

For hypothetical future site workers, an ICR of 5.98E-06 was estimated for inhalation of
chemical carcinogens, and 2.04E-05 for inhalation of radionuclides. The BRA assumed that
future emissions would be equivalent to current emissions even though under this scenario FMC
plant operations would cease and would be replaced by other industrial/commercial operations.

The air pathway in the FMC Subarea is therefore retained for further consideration in the
feasibility study for current and future workers. The BRA identified potential risks for
hypothetical future residents; however, deed restrictions placed on all the FMC properties will
limit the future use of the properties to industrial/commercial use; therefore, the air pathways for
hypothetical future residents within the FMC Subarea are not retained for further evaluation in
the feasibility study.
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Section 3

Remedial Action Objectives

Remedial Action Objectives (RAOs) are medium-specific goals for protecting human health and
the environment. Developing remedial action objectives involves identifying media of concern
and the characteristics of constituents present, evaluating chemical migration and exposure
pathways, and determining potential receptor points. The results of the remedial investigation
and the baseline risk assessment are provided in Section 2. The nature and extent of
contamination for the FMC Subarea are described in Section 2.3, and contaminant fate and
transport are described in Section 2.4. The baseline risk assessment is summarized in
Section 2.5.

The Human Health Risk Assessment evaluated the potential carcinogenic and noncarcinogenic
health effects of the site-related constituents to the current and hypothetical future workers
within the FMC operating facility and northern properties areas. There are currently no
residences located within the FMC Subarea, and deed restrictions placed on all the FMC
properties will limit the future use of the properties to industrial/commercial use. Current and
future land use assumptions considered in estimating RME risks and exposures may be relevant
to the development of RAOs.

Remedial Action Objectives for the various exposure pathways and constituents of potential
concern associated with both current and future conditions within the FMC Subarea are provided
in this Section. Risk-based concentrations (RBCs) and maximum contaminant levels (MCLs)
have been used as screening tools (see Section 2) to identify significant sources and source areas
which contribute to the estimated risk as presented in the BRA. RAOs have been developed for
all pathways where the BRA has identified excess cancer risk greater than 1 x 10"*, or where a
HQ greater than 1 was indicated.

Media of Interest

As described in Section 2, the media of interest for the FMC Subarea are soils, groundwater, and
air. Surface water drainage is contained within the FMC Subarea. The baseline human health
risk assessment states "... There does not appear to be any potential for significant human
exposure to potentially contaminated surface water or sediment near the site;...." Additionally,
the ecological risk assessment states "... Potential site-related risks were not identified for the
riparian, riverine, or mudflat habitats associated with the Portneuf River." Therefore, surface
water was eliminated as a media of concern.

This section summarizes the RAOs for each environmental medium of concern for the FMC
Subarea, and discusses potential Applicable or Relevant and Appropriate Requirements
(ARARs). Preliminary RAOs developed for soils, groundwater, and air for the EMF Site and
described in the Identification of Candidate Technologies Memorandum (Bechtel, 1993) were as
follows:
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RAOs for Soils. Preliminary remedial action objectives for soils are to:

• Prevent the potential for ingestion of, and/or dermal contact with, contaminated
soils/sediments having greater than 1CT1 to 10"* excess cancer risk, or having a hazard
index greater than 1.0 for noncarcinogenic risk and/or in excess of chemical-specific
ARARs.

• Prevent the potential for inhalation of contaminants having greater than 10"4 to 10"6 excess
cancer risk, or having a hazard index greater than 1.0 for noncarcinogenic risk and/or in
excess of chemical-specific ARARs.

• Prevent the potential for migration, via the air pathway, of soil/sediment contaminants in
excess of chemical-specific ARARs.

RAOs for Groundwater. Preliminary RAOs for groundwater are to:

• Prevent the potential for ingestion of groundwater containing contaminants having
greater than 10"4 to 10"* excess cancer risk, or having a hazard index greater than 1.0 for
noncarcinogenic risk and/or in excess of chemical-specific ARARs.

• Prevent the potential for further migration of contaminated groundwater in excess of
chemical-specific ARARs.

RAOs for Air. Preliminary remedial action objectives for air are to:

• Prevent the potential for direct contact with surficial materials having greater than 10"4 to
10"* excess cancer risk, or having a hazard index greater than 1.0 for noncarcinogenic risk
and/or in excess of chemical-specific ARARs.

• Prevent the potential for inhalation of, ingestion of, and/or dermal contact with
particulates having greater than 10"4 to 10"* excess cancer risk, or having a hazard index
.greater than 1.0 for noncarcinogenic risk and/or in excess of chemical-specific ARARs.

• Prevent emissions in excess of chemical-specific ARARs.

• Prevent the potential for inhalation of gaseous and radioactive air emissions having
greater than 10"4 to 10"* excess cancer risk, or having a hazard index greater than 1.0 for
noncarcinogenic risk and/or in excess of chemical-specific ARARs.

The RAOs presented in this FS have been refined from the preliminary RAOs presented in the
RI/FS Work Plan (Bechtel, 1992) and the Candidate Technologies Memorandum (Bechtel,
1993) based on the results of the Remedial Investigations and the Baseline Risk Assessment
The data from the site remedial investigations and the baseline risk assessment, combined with
these RAOs will provide the basis for developing specific remedial alternatives for the FMC
Subarea.
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In general, the RAOs are goals which should be consistent with the goals of the National
Contingency Plan [40 CFR § 300.430 (e)], which specify excess cancer risk in the range IG4 to
10"6, and a hazard quotient (HQ) for exposure to non-carcinogenic chemicals of 1 or less. In
developing remedial actions, however, it should be noted that the NCP states that 10"* is the
"point of departure for determining remediation goals for alternatives when ARARs are not
available or are not sufficiently protective because of the presence of multiple contaminants at a
site or multiple pathways of exposure". EPA guidance (OSWER Directive 9355.0-30) states:

"EPA uses the general 10'4 to 10"6 risk range as a 'target range', within which the Agency strives
to manage risks as part of a Superfund cleanup. Once a decision has been made to take an action,
the Agency has expressed a preference for cleanups achieving the more protective end of the
range, (i.e., 10'*), although waste management strategies achieving reductions in site risks
anywhere within the risk range may be deemed acceptable by the EPA risk manager.
Furthermore, the upper range is not a discrete line at IxlO"4, although EPA generally uses IxlO"4

in making risk management decisions. A specific risk estimate around 10'4 may be considered
acceptable if justified based on site-specific conditions, including any remaining uncertainties on
the nature and extent of contamination and associated risks. Therefore, in certain cases EPA may
consider risk estimates slightly greater than IxlO"4 to be protective."

The guidance also states:

"Remediation goals developed under CERCLA Section 121 are generally medium-specific
chemical concentrations that will pose no unacceptable threat to human health and the
environment. Preliminary remediation goals are developed early in the RI/FS process based on
ARARs and other readily available information, such as concentrations associated with 10"*
cancer risk or a hazard quotient equal to one for non-carcinogens calculated from EPA toxicity
information. These preliminary goals may be modified based on results of the baseline risk
assessment, which clarifies exposure pathways and may identify situations where cumulative risk
of multiple contaminants or multiple exposure pathways at the site indicate the need for more or
less stringent cleanup levels than those initially developed as preliminary remediation goals. In
addition to being modified based on the baseline risk assessment, preliminary remediation goals
and the corresponding cleanup levels may also be modified based on the given waste
management strategy selected at the time of remedy selection that is based on the balancing of
the nine criteria used for remedy selection (55 Fed. Reg. at 8717 and 8718)."

Current exposure pathways are primarily associated with the presence of raw materials,
products, byproducts, and wastes which are part of active plant operations within the FMC
Subarea, Based on the analyses of RI data described in Section 2, and the results of the BRA,
preliminary RAOs for the FMC Subarea have been developed for the soils/solids and air
pathways for current and future workers within the FMC Subarea. RAOs have also been
developed for the groundwater pathway for future workers. Some of these may be combined or
eliminated later in the analysis of RAOs. The RAOs serve as the basis for the development and
screening of alternatives.
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3.1 EXPOSURE PATHWAYS OF CONCERN

The exposure pathways listed below warrant evaluation of preliminary RAOs for the
constituents and media of potential concern, based on the RI and the BRA. Some of these may
be combined or eliminated later in the analysis of RAOs or in the FS. Current exposure
pathways are primarily associated with the presence of raw materials, products, byproducts, and
wastes which are part of both past and current plant operations. It should be noted that in
accordance with EPA guidance, the BRA did not consider institutional controls that would
account for risk reduction.

3.1.1 Soils and Solids

As summarized in Section 2.5.1, for soils and solids, two exposure pathways of potential
concern were identified for current workers: incidental ingestion of soils and external gamma
radiation. For future workers, similar potential exposure pathways would exist, with the
additional potential for inhalation of radon gas if new subsurface structures were constructed in
or near contaminated soils.

Ingestion of soils or solids was identified as exceeding the l.OE-06 Incremental Cancer Risk
(ICR) for four worker groups: slag pile workers, pond workers, maintenance workers, and
contract workers. Due primarily to potential exposure to radiological carcinogens lead-210 and
radium-226, an ICR of 1.79E-05 was estimated for slag pile workers, 9.70E-06 was estimated
for pond workers, 8.72E-06 was estimated for maintenance workers, and 2.91E-06 was
estimated for contract workers. Due primarily to potential exposure to chemical carcinogens
arsenic and beryllium, an ICR of 8.32E-06 was estimated for slag pile workers, 5.99E-06 was
estimated for pond workers, 5.38E-06 was estimated for maintenance workers, and 1.79E-06
was estimated for contract workers.

Exposure to gamma radiation was estimated based on a 1986 aerial survey of the area (EPA
1987). ICRs were estimated to be 8.09E-04 for slag pile workers, 6.05E-04 for pond workers,
2.72E-04 for maintenance workers, and 9.06E-05 for contract workers. External radiation
exposure from radioactive substances in the soil, slag, and other surficial materials on site
accounts for approximately 95% of the radiological cancer risks for current facility workers in
the baseline risk assessment.

Occupational radiation exposures at the FMC Subarea are below the maximum levels established
by OSHA and by EPA Radiation Protection Guidance to Federal Agencies for Occupational
Exposure to Radiation. OSHA has established a Maximum Permissible Dose (MPD) for worker
radiation exposure (whole body) of 5,000 mrem per year. Based on the 1986 survey, whole
body radiation doses to workers were estimated to be from 18 to 200 mrem per year, well below
the OSHA established MPD. Of this total, 10.8 mrem per year is attributable to cosmic ray
contributions.
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A gamma radiation exposure study was performed at the FMC facilities in August 1994 by IT
Corporation. The results of this study were transmitted to the EPA in June 1995. Table 2 of the
IT study provides measured exposure levels for site workers at various locations throughout the
site, including ore handling, calciners, cooling towers, the furnace building, slag pit, and slag
pile areas. Measured exposure rates, which included background, ranged from 10 (inside the
control room) to 52 (slag pile, not shielded) urem per hour (20 to 104 mrem per year),
significantly below the OSHA established MPD. Thirty-four measurements were taken in
exterior, unshielded locations. The values measured at these locations ranged from 10 to 52
urera per hour (20 to 104 mrem per year), and averaged 29 urem per hour (58 mrem per year).
The ground survey was not performed as part of the RI; however, it was performed in
accordance with standard methods used in measuring radiation levels under programs
administered by the Occupational Safety and Health Administration (i.e., 40 CFR 1910) and the
U.S. Department of Energy. These methods were also consistent with methods that have been
developed by FMC and Monsanto Company under a RCRA Administrative Order on Consent
with EPA Region 10.

Based on the 1986 aerial survey of the area (EPA 1987), gamma radiation levels measured in the
Michaud Rats north of the FMC facilities ranged from 11 to 14.5 urem per hour (62 to 81 mrem
per year). Measurements in the Bannock Range and in the residential areas of the city of
Pocatello generally ranged from 14.5 to 30 urem per hour (81 to 168 mrem per year). Based on
the ranges of values indicated in the aerial survey, the average would be about 20.5 urem per
hour (115 mrem per year).

For future workers, the estimated major risk driver related to soils and solids was inhalation of
radon in a hypothetical new building constructed near contaminated soil with the site
redeveloped for some alternative industrial or commercial use. An ICR of 4.55E-03 for radon
inhalation accounts for 82% of the estimated total risk to future workers from the soil pathway.
Other soils pathways of risk were external gamma radiation exposure (ICR of 9.53E-04,
accounting for all but 1% of the remaining estimated cancer risk) and incidental ingestion of soil
or solids (ICRs of 1.45E-05 for radiological carcinogens lead-210 and radium-226, and 8.97E-06
for chemical carcinogens arsenic and beryllium).

The potential risk associated with gamma radiation appears to be overstated in the BRA.
Additionally, the BRA does not appear to adequately consider the fact that the radon emanation
rate from vitrified phosphorus slag has been found to be small. By convention, the effects of
shielding with respect to radon seepage into future structures that may be constructed for some
alternative commercial or industrial use is not considered in the BRA.

The potential exposure pathways of external gamma radiation and incidental soil ingestion will
be considered for both current and future workers hi the development of RAOs. For future
workers, the potential for inhalation of radon gas will also be considered.
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3.1.2 Groundwater

Groundwater within the FMC Subarea is used for both the facility drinking water supply and
industrial use. Water for facility use is currently produced from two wells screened in the deeper
aquifer (FMC-1, FMC-3 and FMC-4 on Figure 1.4-3). Drinking water supplied from these wells
meets or exceeds the requirements for all Maximum Contaminant Levels (MCLs) of the Safe
Drinking Water Act. The Lindley well, located north of U.S. 30 is also owned by FMC, and has
been used as a water supply for the adjacent house which has been removed from the site. This
well is now used for landscape watering only. The new Pilot House well, which is also located
north of U.S. 30, is used intermittently for water supply, including potable water, for drag strip
operations during the summer months. No other groundwater withdrawals occur within the
FMC Subarea. Groundwater beneath the FMC Subarea is not a source of drinking water for
residential or municipal use, and the Human Health Risk Assessment did not identify any risk to
current workers for this exposure pathway. Therefore, this current exposure pathway is
eliminated from further consideration in the feasibility study for the FMC Subarea.

Potential ICRs to future workers due to ingestion of groundwater from the shallow aquifer were
estimated at 6.01E-04 for arsenic, and 1.56E-05 for lead-210 and radium-226. The risk
assessment assumes that shallow groundwater would be pumped directly from a well installed^
within the FMC Subarea without treatment. As shown on Table 2.3-14, constituent'
concentrations exceed primary MCLs in certain areas of the FMC Subarea for antimony, arsenic,
nitrate, thallium, gross alpha, and gross beta. Speciation data for radionuclides in groundwater
were generated during the RI. Data for radium-226 were used in the risk assessment, but
lead-210 activities were calculated from the measured gross alpha data. The speciation data
show that lead-210 activities developed from gross alpha data, as used in the risk assessment,
results in overestimation of lead-210 activities; therfore, associated risk would be overstated as a
result

As indicated above, a number of modifications have been made at the FMC facility which will
reduce the potential for migration of site-related constituents of potential concern into the
groundwater beneath the FMC Subarea.

The potential exposure to site-related constituents of potential concern from groundwater intake
will be considered for future workers in the development of RAOs.

3.1.3 Surface Water and Sediments

As discussed in Section 2.4.3, surface water and sediments are not pathways of concern for the
EMF Site. Therefore, these pathways will not be considered in the development of RAOs.
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3.1.4 Air

The Human Health Risk Assessment identified a potential risk due to inhalation of EMF-related
constituents for current and future site workers. For slag pile workers, an ICR of 5.98E-06 was
estimated primarily for inhalation of chemical carcinogens cadmium, hexavalent chromium, and
arsenic, and 2.04E-05 primarily for inhalation of the radiological carcinogen polonium-210. For
pond workers, an ICR of 3.69E-06 was estimated for inhalation of cadmium, hexavalent
chromium, and arsenic, and 1.26E-05 for inhalation of polonium-210. For maintenance
workers, an ICR of 1.79E-06 was estimated for inhalation of cadmium, hexavalent chromium,
and arsenic, and 6.11E-06 for inhalation of polonium-210.

Risks to FMC workers were estimated based on ambient air concentrations measured at Air
Monitoring Site 2. As discussed in Section 2.5.4, use of these data, collected at the fenceline
rather than data collected witnin the operating area, results in uncertainty in the estimation of
risk for workers. Changes in operations compared to the RI monitoring period may also increase
uncertainty in the risk calculations for workers. Concentrations of constituents of potential
concern may be higher than at Site 2 in some operational areas of the EMF facilities and lower
in other areas.

Although areas within the operational area of the FMC plant may have higher constituent
concentrations than Site 2, it should be noted that workers are required to wear respirators when
working in areas where air quality may pose a health hazard, and workers are further protected
by regulation of facility operations under OSHA. These worker protection programs will reduce
potential human health risk due to the inhalation pathway.

The BRA also estimated potential health risks due to PM10, and evaluated the potential for health
risks based on comparison with the NAAQS at Site 2. The NAAQS is not applicable to worker
exposures: it is based on a continuous 24-hour exposure rather than a 40 hour per week
exposure applicable for workers. Continued compliance with the NAAQS is a goal for the FMC
plant. For hypothetical future site workers, an ICR of 5.98E-06 was estimated primarily for
inhalation of chemical carcinogens cadmium, hexavalent chromium, and arsenic, and 2.04E-05
for inhalation of the radiological carcinogen polonium-210. For hypothetical future residents,
ICRs due to inhalation were estimated at 1.54E-05 for cadmium, hexavalent chromium, and
arsenic and 6.03E-05 for polonium-210. The combination of continued operations and deed
restrictions will assure that the properties within the FMC Subarea will be used for
commercial/industrial purposes. Therefore, the potential exposure pathway of inhalation of
cadmium, hexavalent chromium, arsenic, and polonium-210 for current and future workers will
be considered in the development of RAOs.
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ADDITIONAL SITE-SPECIFIC FACTORS CONSIDERED IN
ESTABLISHING RAOS

Exposure pathways carried forward are evaluated further to determine whether preliminary
RAOs are necessary for each pathway. For those pathways retained, all constituents, media, and
exposure pathways posing potential incremental carcinogenic risks greater than 1x10"* were
identified and evaluated for RAOs. Site-specific exposure, technical, and uncertainty factors
relevant to the establishment of RAOs were also identified, and each pathway that met the action
criteria was then evaluated for RAOs. Site-specific factors were used to establish RAOs where
appropriate. Applicable or Relevant and Appropriate Requirements (ARARs) are discussed in
Section 3.3. Section 3.4 documents the preliminary RAOs that will be used to guide the FS.

Land Use

Current and future land use assumptions considered in estimating RME risks and exposures may
be relevant to the consideration of RAOs. Current and future exposures within the FMC Subarea
were evaluated using industrial/commercial exposure assumptions, while exposures to soils
outside the FMC Subarea were evaluated using residential exposure assumptions. Continued
operation of the FMC facilities and deed restrictions on the FMC properties control the land use,
and make these appropriate evaluations for both current and future use of the FMC Subarea,

Cumulative Risk and Multiple Pathways

Workers at the FMC Subarea are potentially exposed to naturally-occurring radionuclides from
multiple sources and pathways in addition to site-related constituents, including: natural
background in local soils, cosmic radiation, and anthropogenic sources. While some of these
sources have different exposure pathways and effects, there are multiple pathways for some,
notably external gamma exposure. The presence of the other sources needs to be considered and
evaluated.

Institutional Controls

The cumulative site baseline risk assessment included all media that are appropriate and, per
EPA guidance, did not consider institutional controls (ICs) that would account for risk reduction.
Actual current industrial exposures at the EMF facilities are lower, since ICs such as fencing and
wo±er health and safety programs are in place that reduce exposure and risk. FMC believes the
operating facilities are currently in compliance with all applicable OSHA and environmental
requirements.
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Occupational radiation exposures within the FMC Subarea are significantly below the maximum
levels established by OSHA. Institutional controls which affect occupational exposures need to
be considered in the preparation of RAOs for the FMC Subarea.

Technical Factors - Background

In addition to RME estimates, the BRA evaluated risks associated with site-related COPCs in
background soils and compared the background and site-related risks to determine the excess
risk over background. Estimates of the risk attributable to naturally-occurring background levels
in local soils of site-related constituents of potential concern range from 1.84E-06 for the
chemical constituents related to the site to 4.60E-04 for external gamma radiation. Other site-
related COPCs in soils are also present in background.

In most scenarios the risks associated with background were of similar magnitude to the risks
associated with site-related constituents. The most significant excess risks over background
were associated either with potential future exposure to soils in the event residential exposures
near the facility increased, or potential future exposure to workers within the facility if future
conditions changed and no further action was taken .

Given the high background levels and the small increments over background for some
constituents/pathways, the FS will have to address whether it will be technically practicable to
measure and/or clean up to levels which are smaller than or indistinguishable from background.

Uncertainty Factors - Soil Estimates

Cancer risks to current site workers are primarily associated with exposure to external gamma
radiation in the soils, almost entirely due to radium-226. Radium-226 was not measured directly
in soils, and there are significant uncertainties with respect to its activity within the FMC
Subarea. Data used to estimate exposure was based on an aerial survey conducted in 1986.
Another significant source of potential risk to future site workers indicated in the BRA is from
inhalation of radon in buildings that might be constructed within the FMC Subarea. Two major
sources of uncertainty in the risk estimates for potential future indoor radon inhalation are the
estimation of soil radium levels from measured gross alpha activity and modeling of radon
infiltration into the hypothetical future site building.
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3.3 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

This section presents a summary of constituent-specific ARARs used in the development of
RAOs. Additional ARARs and TBCs are provided in Table 3.3-1. Potential constituent-specific
ARARs have been evaluated for all constituents of potential concern at several points in the
RI/FS process (e.g., RI/FS Work Plan, BEI, 1992, Identification of Candidate Technologies
Memorandum, BEI, 1993.). In keeping with the requirements of CERCLA, the NCP, and EPA
policies, RAO development must consider compliance with federal and state environmental laws
and standards, requirements, criteria, or limitations promulgated under such laws that are
applicable or relevant and appropriate under site conditions.

Some waste streams and byproducts at the FMC Subarea are subject to RCRA, while others are
Bevill exempt. FMC's elemental phosphorus plant is active, and therefore most ARARs and
TBCs would relate to active operations and worker exposure, such as the RCRA (an ARAR) and
OSHA(aTBC).

Potential ARARs were identified from reviews of pertinent environmental and health statutes,
including requirements promulgated under:

The Clean Air Act (42USC§7401 et seq.);

The Clean Water Act (33USC§ 1251 et seq.);

The Occupational Safety and Health Act (29USC§651 et seq.);

The Safe Drinking Water Act (42USC§300f et seq.); and

The Resource Conservation and Recovery Act (42USC§6901 et seq.).

In addition, EPA Region 10 has specifically requested further evaluation of the potential ARAR
status of the Uranium Mill Tailings Radiation Control Act (42USC§7901 et seq.) for the EMF
Site. FMC believes its elemental phosphorus plant is currently in compliance with all applicable
requirements of the statutes listed above. However, certain of the implementing regulations for
these statutes may be relevant and appropriate for consideration in the FS. In particular,
regulations promulgated under the Safe Drinking Water Act (SDWA) and the Uranium Mill
Tailings Radiation Control Act (UMTRCA) may fall into this category and are discussed below.

Clean Air Act

The Clean Air Act (CAA), 42USC§7401 et seq., is the primary federal legislation for protecting
air quality. Pursuant to the CAA, EPA has promulgated National Ambient Air Quality
Standards (NAAQS) for specified constituents and paniculate matter, National Emission
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Standards for Hazardous Air Pollutants (NESHAPs), and New Source Performance Standards
(NSPS). As recognized in EPA guidance, CERCLA sites are potential sources of air pollutant
emissions, both before and during the response action. Typical sources of such emissions
include landfills, lagoons, contaminated soil and equipment used during the cleanup process.
Thus, air-related ARARs clearly may address releases at the Pocatello site and associated
cleanup activities. However, it is not clear how air ARARs and remediation goals for the
response action can affect permitted or other authorized releases from the ongoing operations of
the FMC facility.

In accordance with CAA§ 109, EPA has promulgated NAAQS for six pollutants. These NAAQS
specify the maximum concentration of the pollutant which is to be permitted in the ambient air,
as averaged over a specified time period, and form the basis for other federal and state
regulations.

The CAA delegates primary responsibility for assuring that NAAQS are attained and maintained
to the states, requiring each state to adopt and submit to EPA for approval a plan for the
implementation, maintenance, and enforcement of the NAAQS SIP. SEPs include emissions
standards, monitoring recordkeeping, enforcement, and other measures. The emissions
standards and monitoring requirements are substantive requirements and are potential ARARs.
Idaho's SIP is set forth in Rules and Regulations for the Control of Air Pollution in Idaho
(IDAPA 16.01.01000 et seg.).

The 1990 amendments to the CAA identify a list of 189 hazardous air pollutants (HAPs),
including the following constituents of potential concern: phosphorus and compounds of
arsenic, cadmium, chromium and radionuclides. In order to control emissions of HAPs, EPA is
in the process of developing Maximum Achievable Control Technology (MACT) standards for
all "major" and "area" sources. Source categories identified by EPA include solid waste
treatment, storage and disposal facilities, site remediation, and phosphate fertilizers production.
57 FR 31590-91, July 1992. If the FMC facility constitutes a major regulated source of HAPs,
MACT standards will be "applicable." Further, even if the MACT standards are not directly
applicable, they may still be relevant and appropriate.

In addition, NESHAPs promulgated by EPA prior to the 1990 amendments, such as the
polonium-210 NESHAP for emissions from elemental phosphorus plants, remain in effect unless
and until superseded by new regulations.

National Primary Drinking Water Standards (40 CFR Section 141)

Drinking water standards promulgated under the SWDA establish maximum contaminant levels
(MCLs) for community drinking water systems. Such standards exist for a variety of chemical
and radiological substances, and they legally apply at the taps of systems supplying 25 or more
users.
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Primary MCLs fall into the category of potentially being relevant and appropriate ARARs.
Eight constituents meet or exceed their respective primary MCLs beneath the FMC Subarea, but
none exceed MCLs at the Offsite Subarea boundary. Concentrations for these constituents
within groundwater directly beneath some portions of the FMC Subarea are higher than they are
at the northern property boundary.

Health and Environmental Protection Standards for Uranium and Thorium Mill Tailings,
40 CFR Section 192

EPA has cited the Health and Environmental Protection Standards for Uranium and Thorium
Mill Tailings, 40 CFR Part 192, promulgated under the Uranium and Thorium Mill Tailings
Radiation Control Act of 1978 (UMTRCA), as the principal radiation-specific federal
requirement at various other NPL sites around the country. The UMTRCA soil standard says
that an average concentration of Ra-226 in an area of soil containing tailings shall not exceed 5
pCi/g in excess of background within the upper 15 cm (6 in) of the soil column. Although the
standards were originally intended for the cleanup of uranium and thorium mill tailings, they
have been applied to lands with naturally-occurring radioactive material wastes due to the
similarity of conditions.

Given the fact the these standards apply to cleanup of closed facilities, they are not relevant or
appropriate for active industrial operations within the FMC Subarea. However, these standards
should be considered relative to the Offsite Subarea. These standards would also be relevant and
appropriate for consideration at the time of the closure of the FMC plant

Worker Protection Standards Under OS HA

According to the NCP (at 40 CFR Part 300.150, and more fully explained in EPA response to
comments, at 55 Fed Reg 8679-80, March 8,1990), OSHA standards for protection of response-
action workers are directly applicable as worker-protection laws, but "general OSHA standards
... do not come within the scope of ARARs underCERCLA section 121(d) (2)..." Thus, OSHA
standards are no longer included on the list of potential ARARs. EPA notes that there are some
standards in OSHA that set contaminant levels in the workplace that may also be relevant —
though not applicable — to the determination of a cleanup level at a CERCLA site (due to the
absence of other standards). In such a case, those standards may be included among the
requirements To Be Considered'."

OSHA standards for protection of workers from radioactivity are factors "To Be Considered" in
the evaluation of and establishment of RAOs, PRGs, and if necessary potential remedial action
alternatives.
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TABLE 3.3-1
FMC Subarea - Summary of Potential Location-Specific ARARs

(Combined State and Federal)

LOCATION STATUTE OR REGULATION DESCRIPTION COMMENTS

Floodplain Executive Order 11988 40 CFR Part 6,
Appendix A

RCRA Location Standards 40 CFR
§264.18

Any action taken in a 500-year floodplain
must consider flood hazards and floodplain
management.

Hazardous waste units located in a 100-year
floodplain must be designed, operated and
maintained to prevent washout of hazardous
wastes.

Portions of the FMC Subarea are located
within a 500-year or 100-year floodplain.
These requirements are applicable to
potential actions in floodplain areas.

There are no hazardous waste management
units within the 100-year floodplain at the
FMC Subarea.

Rivers/Streams Rivers and Harbors Act

Fish and Wildlife Coordination Act 1.6
U.S.C. § 661 etseq.

Fish and Wildlife Conservation Act 40
CFR §83

Diversion, channeling or other activities
affecting regulated bodies of water may
require consultation with the Corps of
Engineers

Remedial actions taken in areas that may
affect streams and rivers must be
undertaken in a manner that protects fish
and wildlife

Remedial actions in areas containing fish
and wildlife must promote conservation of
fish and wildlife.

Critical Habitat Endangered Species Act 16 U.S.C. §
1531

Migratory Bird Treaty Act 16 U.S.C.
§703-711

Remedial actions in critical habitats must
conserve endangered or threatened species
and their habitat.

Remedial actions must consider protection
of migratory birds, bald or golden eagles.

No critical habitats have been identified
within the FMC Subarea.
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TABLE 3.3-1
FMC Subarea - Summary of Potential Location-Specific ARARs

(Combined State and Federal)

LOCATION STATUTE OR REGULATION DESCRIPTION COMMENTS

Historic Property National Historic Preservation Act 16
U.S.C. § 470 etseq. 36 CFR Part 800

Archeological and Historic Preservation
Act 16 U.S.C. §1531

Remedial activities must take into
consideration their effect on properties
included or eligible for inclusion on the
National Register of Historic Places.

Remedial actions at sites with historical or
archaeological data must minimize adverse
effects

No historic or archaeologically significant
areas have been identified within the FMC
Subarea.

Waste Disposal
Facility/Hazardous
Waste Storage

Resource Conservation and Recovery
Act
42 U.S.C. S 6901-6987

40 CFR Part 268

Restricts land disposal of hazardous waste
and specifies treatment standards that must
be met before these wastes can be land
disposed.

Applicable if the selected remedial
alternative involves placement of waste
from outside the area of contamination; if
waste is removed, treated, and redeposited
into the same or another unit. A treatability
variance may also be applicable.
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TABLE 3.3-2
FMC Subarea - Summary of Potential Chemical-Specific ARARs

(Combined State and Federal)

MEDIA STATUTE OR REGULATION DESCRIPTION COMMENTS

Groundwater Safe Drinking Water Act 42 U. S. C
S300fetseq.

40 CFR Part 141

40 CFR Part 143

40 CFR Parts 144-147

Goal of the act is to protect human heath by
protecting the quality of drinking water.
The Act authorizes the establishment of
drinking water standards

Establishes primary maximum contaminant
levels (MCLs) and maximum contaminant
goals (MCLGs) that are health-based
standards for public water systems.

Establishes secondary MCLs that are
welfare-based standards for public water
systems.

Provides protection of underground sources
of drinking water.

Applies to CERCLA site discharges to
public drinking water sources, including
groundwater sources.

Secondary MCLs are not federally
enforceable standards but intended as
guidelines for the States. Secondary MCLs
are not ARARs unless promulgated by
States.

Substantive requirements may apply if
groundwater were to be treated and
reinjected.

Surface Water Clean Water Act 33 U.S.C. § 1251 -
1376

40 CFR Part 131 Quality Criteria for
Water

Provides for the restoration and
maintenance of the chemical, physical, and
biological integrity of the nation's waters.

Federal water quality criteria are guidelines
from which States determine their water
quality standards.

Applicable to direct discharges to surface
waters.
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TABLE 3 3-2
FMC Subarea - Summary of Potential Chemical-Specific ARARs

(Combined State and Federal)

MEDIA STATUTE OR REGULATION DESCRIPTION COMMENTS

Surface Water
(Continued)

40 CFR Part 122, 125

40 CFR Part 403

Requires permits for the discharge of
pollutants from any point source into waters
of the United States.

Sets standards to control pollutants which
pass through or interfere with treatment
processes in publicly owned treatment
works (POTW) or which may contaminate
sewage sludge. Standards are set by the
POTW.

NPDES is not an ARAR for discharge to a
POTW or reinfection. It would be
applicable for direct discharge to the
Portneuf River.

Air Clean Air Act 42 U.S.C. § 7401 etseq.

40 CFR Part 50 National Primary and
Secondary Ambient Air Quality
Standards

40 CFR Part 60 New Source
Performance Standards (NSPS)

Regulates emissions to protect human
health and the environment. Enabling
statute for major provisions such as
NAAQS, NESHAPS and NSPS.

NAAQS for the protection of public health
and welfare

Sets emission standards for new and
modified sources.

Primary standards applicable for any
remedial alternative emitting regulated
pollutants.
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TABLE 3.3-2
FMC Subarea - Summary of Potential Chemical-Specific ARARs

(Combined State and Federal)

MEDIA STATUTE OR REGULATION DESCRIPTION COMMENTS

Soils and Solids Resource Conservation and Recovery
Act
42 U.S.C. S 6901-6987
40 CFR Part 257

40 CFR Part 260

40 CFR Part 261

40 CFR Part 262

40 CFR Part 264

Establishes criteria for use in determining
which solid waste disposal facilities and
practices pose a reasonable probability of
adverse effects on health or the
environment and thereby constitute
prohibited open dumps.

Provides definitions of hazardous waste
terms, procedures for rule-making petitions,
and procedures for delisting a waste.

Defines those solid wastes which are
subject to regulation as hazardous wastes
under 40 CFR Parts 261-265 and Parts 124,
270, and 271.

Establishes Standards for generators of
hazardous waste.

Establishes minimum national standards
which define the acceptable management of
hazardous waste for owners and operators
of facilities which treat, store and dispose of
hazardous waste.

Current focus of RCRA Subtitle D is
primarily on municipal landfills.

Definitions may be relevant.

Applicable if the selected remedial
alternative involves generation and off-site
transport of hazardous wastes.

Generally applicable for any remedy that
involves current treatment, storage, or
disposal. If the action does not involve
current treatment, storage or disposal of
hazardous waste, it may still be relevant and
appropriate.
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TABLE 3 3-2
FMC Subarea - Summary of Potential Chemical-Specific ARARs

(Combined State and Federal)

MEDIA STATUTE OR REGULATION DESCRIPTION COMMENTS

Soils and Solids 40 CFR Part 268

40 CFR Part 280

Uranium Mill Tailings Radiation Control
Act 42 U.S.C. § 7901 etseq.

40 CFR Part 192

Restricts land disposal of hazardous waste
and specifies treatment standards that must
be met before these wastes can be land
disposed.

Establishes regulations related to
underground storage tanks.

Sets standards for the control of residual
radioactive materials from inactive uranium
processing sites.

Sets standards for soils containing mill
tailings

Applicable if the selected remedial
alternative involves placement of waste
from outside the area of contamination; if
waste is removed, treated, and redeposited
into the same or another unit. A treatability
variance may also be applicable.

Applicable if there are existing USTs.

Applies to cleanup of closed facilities; not
relevant or appropriate for the active
industrial operations at the FMC Subarea.

Occupational Safety and Health Act
29 U.S.C § 651-678

Regulates worker health and safety. Sets
general industry standards for exposure to
chemicals and health and safety training
requirements for workers at hazardous
waste sites.

EPA notes that there are some standards in
OSH A that set contaminant levels for the
workplace (29 CFR Part 1910, SubpartZ)
that may be relevant to the determination of
cleanup level (in the absence of other
standards). In this case, OSHA standards
can be classified as "To Be Considered"
(TBC).
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TABLE 3.3-2
FMC Subarea - Summary of Potential Chemical-Specific ARARs

(Combined State and Federal)

MEDIA STATUTE OR REGULATION DESCRIPTION COMMENTS

Groundwater/Surface
Water

State Regulations
IDAPA 16.01.02161 and 16.01.02200

IDAPA 16.01.02299

IDAPA 16.01.2250

IDAPA 16.01.2300

IDAPA 16.01.2301

IDAPA 16.01.2440

General surface water quality criteria.

General groundwater criteria. Sets
Maximum Allowable Concentrations
(MACs).

Establishes specific water quality standards
that are based on the use and designations
assigned to a particular body of water.

Establishes water quality criteria and
restrictions on discharges for point source
discharges to special resource waters and
tributaries

Allows exemptions for certain activities that
result in a water quality violation.

Regulates discharge of nonsewage
wastewater from treatment facilities.
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TABLE 3.3-3
FMC Subarea - Summary of Potential Action-Specific ARARs

(Combined State and Federal)

ACTION STATUTE OR REGULATION DESCRIPTION COMMENTS

Occupational Safety and Health Act
29 U.S.C § 651-678

Regulates worker health and safety. Sets
general industry standards for exposure to
chemicals and health and safety training
requirements for workers at hazardous
waste sites. Contains radiation exposure
limits and measurements for occupational
safety, specifically Maximum Permissible
Dose (MPD). The MPD equivalent for
whole body exposure is 5,000 mrem/year.

EPA notes that there are some standards in
OSHA that set contaminant levels for the
workplace (29 CFR Part 1910, Subpart Z)
that may be relevant to the determination of
cleanup level (in the absence of other
standards). In this case, OSHA standards
can be classified as "To Be Considered"
(TBC).

Resource Conservation and Recovery
Act
42 U.S.C. S 6901-6987

Identifies those solid wastes which are
subject to regulation as hazardous wastes
under 40 CFR Parts 262-265,268 and Parts
124, 270, and 271.

May be applicable, appropriate or relevant,
depending on the remedial alternative being
considered.

IDHW Title I, Chapter 6
01.600001 etseq.

Contains regulations on the handling and
disposal of solid waste.

These regulations may be applicable for the
treatment and disposal of Bevill exempt
wastes.
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TABLE 3.3-4
FMC Subarea - Summary of To Be Considered Materials

(Combined State and Federal)

ISSUE/AREA TITLE DESCRIPTION COMMENTS

Soils Draft Soil Screening Guidance Provides methods for establishing screening
levels that incorporate site-specific data and
assumptions for certain pathways

To Be Considered in evaluating appropriate
levels for soil remediation alternatives.
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3.4 REMEDIAL ACTION OBJECTIVES

Remedial Action Objectives (RAOs) for the various exposure pathways and constituents of
potential concern associated with both current and future commercial/industrial conditions at the
FMC Subarea are provided below. Many of the estimated risks for the exposure pathways
identified above are estimated to be within the acceptable range of 1 x 10"6 to 1 x 10"4. RBCs and
MCLs have been used as screening tools (see Section 2) to identify significant sources and
source areas which contribute to the estimated risk as presented in the BRA.

Based on the analyses of RI data described in Section 2, and the results of the BRA, preliminary
RAOs for the FMC Subarea have been developed for the soils and solids and air pathways for
both current and future workers, and for the groundwater pathway for future workers. Although
the BRA has estimated risks for future residential scenarios within the FMC Subarea, continued
operations and deed restrictions make these scenarios highly unlikely. Therefore, RAOs are
based only on industrial/commercial scenarios. These RAOs will serve as the basis for the
feasibility study. Table 3.4-1 is a summary of the environmental media, potential receptors,
potential exposure pathways, the constituents of potential concern for which RAOs have been
developed, and the RAOs for each pathway.

3.4.1 Soils and Solids within the FMC Subarea

Within the FMC Subarea the current potential pathways of concern with respect to soils and
solids are worker ingestion of byproducts or wastes, soils mixed with byproducts or wastes, and
external exposure to gamma radiation from byproducts and wastes. However, within the FMC
Subarea, soils and solid materials were not found to significantly contribute constituents to the
surface water or groundwater pathways. Constituents in soils identified as exceeding RBCs for
industrial conditions were arsenic, beryllium, cadmium, fluoride, and zinc. Radionuclides
identified as exceeding RBCs were lead-210, polonium-210, potassium-40, and uranium-238. It
was also estimated that radium-226 was above RBCs, but no direct analyses were made. In most
instances, as would be expected, these exceedances were restricted and associated with specific
sources related to plant operations, primarily byproduct and waste storage. The RAOs for soils
and solids for current industrial exposure for the FMC Subarea are as follows:

• Prevent external exposure to radionuclides in soils at levels that pose estimated excess
risk above the range of IxlO"6 to IxKT1, or site-specific background levels where that is
not practicable. Uncertainties associated with exposure to gamma radiation must be fully
evaluated prior to establishing PRGs for the soils/solids exposure pathway.
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• Prevent ingestion of soils containing radionuclides, arsenic, beryllium, cadmium,
fluoride, or zinc at levels that pose an excess cancer risk above 1x10"* to IxlO"4 or site-
specific background levels where that is not practicable.

• Prevent release and migration of radionuclides or chemicals that, under current
conditions, may pose unacceptable risk to humans. The remediation goals to be used in
the FS will begin by looking at the feasibility of achieving the protective end of the risk
range (IxlO"6 excess cancer risk) or site-specific background levels where that is not
practicable.

RAOs for future worker exposure to soils/solids would be similar to those for current workers,
except that they would include consideration for the potential for inhalation of radon seepage
into future structures that may be constructed for some alternative commercial or industrial use.
The RAOs for current workers would be modified as follows:

• Prevent ingestion, inhalation, direct contact, release, or migration of radionuclides or
chemicals in source materials that, in the event of closure of the FMC facilities or
changed future operating conditions, would pose an unacceptable risk to human health or
have adverse effect on the environment.

3.4.2 Groundwater within the FMC Subarea

As discussed in Section 3.1.1, groundwater within the FMC Subarea is used for both the facility
drinking water supply and industrial use. Water for facility use is currently produced from three
wells screened in the deeper aquifer (FMC-1, FMC-3, and FMC-4 on Figure 1.4-3). The
Lindley well, located north of U.S. 30, is also owned by FMC and has been used as a water
supply for the adjacent house, which has been removed from the EMF Site. This well is now
used for landscape watering only. The new Pilot House well which is also located north of
U.S. 30 is used intermittently for water supply, including potable water, for drag strip operations
during the summer months. No other groundwater withdrawals occur within the FMC Subarea.

Future groundwater use within the FMC Subarea represents a potential exposure pathway only if
groundwater is pumped from areas of the shallow aquifer beneath the FMC Subarea where
MCLs for antimony, arsenic, nitrate, thallium, gross alpha, and gross beta are exceeded. The
BRA indicated that risks could be associated with arsenic and lead-210 if new shallow wells
were constructed and used untreated as a drinking water supply. The following RAO would
apply to potential future industrial scenarios at the FMC Subarea:

• Prevent potential ingestion of groundwater with levels of chemicals or radionuclides
exceeding primary MCLs.

• Where practicable, return usable groundwater to beneficial uses to protect human health
and the environment.
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It should be noted that attenuation and advective mixing result in concentrations below MCLs at
the FMC and Simplot subarea boundaries within the Offsite Subarea. Site groundwater
ultimately discharges to the Portneuf River. Groundwater flow within the FMC Subarea
boundary represents a small percentage of the total flow of the river in comparison to other
sources.

3.4.3 Air within the FMC Subarea

Risks were estimated in excess of 1x10"* for inhalation of cadmium, hexavalent chromium,
arsenic, and polonium-210 for both current and future workers. For slag pile workers, an ICR of
5.98E-06 was estimated for inhalation of chemical carcinogens cadmium, hexavalent chromium,
and arsenic, and 2.04E-05 for inhalation of the radiological carcinogen polonium-210. For pond
workers, an ICR of 3.69E-06 was estimated for inhalation of cadmium, hexavalent chromium,
and arsenic, and 1.26E-05 for inhalation of polonium-210. For maintenance workers, an ICR of
1.79E-06 was estimated for inhalation of cadmium, hexavalent chromium, and arsenic, and
6.11E-06 for inhalation of polonium-210.

As discussed in Section 2, air emissions from the active FMC plant are regulated by the state of
Idaho in Air Permit 13-1260-0005. The plant permit includes emissions from ore
handling/crushing operations, calciners, various material handling systems, four electric arc
furnaces, electrostatic precipitators, a carbon monoxide flaring system, and the phos dock.
Additionally, FMC and the Shoshone-Bannock Tribes entered into an air quality agreement on
May 23, 1995, that also provides for regulation of these emissions. There are no significant
criteria pollutant emissions from non-permitted sources. Air emissions from active operations
are ultimately controlled by the Clean Air Act and specific State requirements.

Based on the RI and BRA findings, the following RAO would apply for current workers for the
air pathway within the FMC Subarea:

• Prevent the inhalation of cadmium, hexavalent chromium, arsenic, and polonium-210 at
levels which would result in an ICR in excess of the IxlO"6 to IxlO"4 range.

For future workers, the BRA appears to overstate the risk, since it was assumed that future
emissions would be equivalent to current emissions even though FMC plant operations would
cease. For hypothetical future site workers, an ICR of 5.98E-06 was estimated for inhalation of
chemical carcinogens cadmium, hexavalent chromium, and arsenic. For inhalation of the
radiological carcinogen polonium-210 an ICR of 2.04E-05 was estimated.

The BRA also estimated the potential risks to future residents within the FMC Subarea northern
properties. Because deed restrictions placed on all the FMC properties will limit the future use
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of the properties to industrial/commercial use, the air pathways for hypothetical future residents
within the FMC Subarea are not retained for further evaluation in the feasibility study.

Based on the RI and BRA findings, the following RAO would apply for the air pathway for
future workers within the FMC Subarea:

• Prevent the inhalation of cadmium, hexavalent chromium, arsenic, and polonium-210 at
levels which would result in an ICR in excess of the 1x10"* to IxlO"4 range.
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TABLE 3.4-1
FMC Subarea Remedial Action Objectives

Environmental Medium Potential Receptors
Potential Exposure
Pathways

Constituents of Potential Concern
Remedial Action Objectives

Soils and Solids Current Workers

Future Workers

External Gamma Radiation

Incidental Ingestion of Soils
and Solids

Radium-226

Arsenic, beryllium, cadmium, fluoride,
zinc, lead-210, polonium-210,
potassium-40, uranium-238, radium-
226

Prevent external exposure to radionuclides in soils at levels that pose estimated excess risk above the
range of 1x10s to IxlO"1, or site-specific background levels where that is not practicable.

Prevent ingestion of soils containing radionuclides, arsenic, beryllium, cadmium, fluoride, or zinc at
levels that pose an excess cancer risk above the IxlO"6 to 1x10" range, or site-specific background
levels where that is not practicable.

Prevent release or migration of radionuclides or chemicals that, under current conditions, may pose
unacceptable risk to humans. The remediation goals to be used in the FS will begin by looking at the
feasibility of achieving the protective end of the risk range (1x10* excess cancer risk) or site-specific
background levels where that is not practicable.

External Gamma Radiation

Incidental Ingestion of Soils
and Solids

Inhalation of Radionuclides

Radium 226

Arsenic, beryllium, cadmium, fluoride,
zinc, lead-210, polonium-210,
potassium-40, uranium-228,radium-
226

Radon

Prevent ingestion, direct contact, release or migration of radionuclides or chemicals in source materials
that, in the event of closure of the FMC facilities or changed future operating conditions would pose an
unacceptable risk to human health or have an adverse effect on the environment.

Groundwater Future Workers Ingestion Antimony, arsenic, nitrate, thallium,
gross alpha, gross beta, lead-210

Prevent the potential ingestion of groundwater with levels of chemicals or radionuclides exceeding
primary MCLs.

Where practicable, return usable groundwater to beneficial uses to protect human health and the
environment.

Air Current Workers

Future Workers

Inhalation Cadmium, hexavalent chromium,
arsenic, polonium-210

Prevent the inhalation of cadmium, hexavalent cliromium, arsenic, and polonium-210 at levels which
would result in an ICR in excess of the IxlO"6 to 1x104 range.

Inhalation Cadmium, hexavalent chromium,
arsenic, polonium-210

Prevent the inhalation of cadmium, hexavalent chromium, arsenic, and polonium-210 at levels which
would result in an ICR in excess of the IxlO"6 to I x l O 4 range.
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Section 4

General Response Actions, Remedial
• Technologies, and Process Options Identification

The discussions of general response actions, remedial technologies, and process options in this
section are divided on the basis of potential pathways: soils and solids, groundwater, and air.
For each of these pathways general response actions are developed, volumes and/or areas of the
media which may require remediation are provided, and potentially applicable technologies are
described and evaluated.

As discussed in Section 2, the Baseline Human Health Risk Assessment (Ecology and
Environment, 1995) states: "There does not appear to be any potential for significant human
exposure to potentially contaminated surface water or sediment near the site." Additionally, the
Ecological Risk Assessment states: "Potential site-related risks were not identified for the
riparian, riverine, or mudflat habitats associated with the Portneuf River." Therefore, the surface
water and sediment pathways are not pathways of concern for the EMF Site, and no general
response actions or remedial technologies will be developed for this pathway.

As stated earlier, the FMC facility is an active, operating plant, which produces elemental
phosphorus (P4) from phosphate ore. The FMC operating facilities area is defined as those
portions of the FMC Subarea located south of Highway 30. This area includes all current and
former ore processing, byproduct handling, and byproduct and waste storage facilities. The
northern FMC properties are defined as all adjacent land owned by FMC which is within the
FMC Subarea north of Highway 30.

The FMC facility is subject to OSHA regulations for worker health and safety. The facility has
specific work rules for both employees and contractor personnel. The operating facilities
include active waste management units which are regulated under RCRA. Air emissions from
the facility are regulated under various programs promulgated under the Clean Air Act (CAA),
including the State Implementation Plan (SIP) for enforcement of the National Ambient Air
Quality Standards (NAAQS), National Emission Standards for Hazardous Air Pollutants
(NESHAPS), and New Source Performance Standards (NSPS). Additionally, FMC and the
Shoshone-Bannock Tribes entered into an air quality agreement on May 23, 1995, that also
provides for regulation of these emissions.

The FMC facility encompasses RCRA solid waste management units (SWMUs) and Areas of
Concern (AOCs) that are or may be subject to RCRA corrective action or closure requirements.
The SWMUs include surface impoundments (ponds) that are regulated under the RCRA interim
status program set forth in 40CFRPart 265. Most of these regulated ponds remain in active use;
others are undergoing closure in a manner that meets RCRA performance requirements. FMC
has prepared closure plans for all the ponds that are subject to interim status requirements. The
FMC facility also includes former ponds that the company ceased using before the effective date
of RCRA regulation at the facility, and other areas that might be considered SWMUs or AOCs
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for purposes of the RCRA corrective action program. This Feasibility Study evaluates whether
there is any need for remedial action with respect to these SWMUs and AOCs and the types of
any such action that may be appropriate, regardless of whether in principle these areas also may
be addressed under RCRA closure or corrective action authorities. This helps achieve the goal
stated in the RCRA/CERCLA MOU of avoiding regulatory duplication and maximizes the
extent to which the CERCLA ROD can serve as the vehicle for meeting the environmental
requirements for both programs.
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4.1 SOILS AND SOLIDS

Section 2.3.1 describes the soils and solids within the FMC Subarea. Within portions of the
industrial and waste management areas of the FMC Subarea, surface and/or near-surface soils
have been affected by mixing of soils with facility feedstock, byproducts, and other fill
materials, by seepage from former unlined ponds, by facility spills, by EMF facility air
emissions, and by non-EMF anthropogenic sources.

Constituents originating from the FMC Subarea are principally derived from phosphate ore, the
primary feedstock for the FMC plant. The ore contains apatite, a mineral containing calcium,
phosphorus, and fluoride. The ore also contains trace amounts of arsenic, cadmium, chromium,
vanadium, uranium-238 (and its radioactive decay products), and other elements.

Results of analyses of samples of soils collected within the FMC Subarea during the remedial
investigations (RI) were compared against risk-based concentrations (RBCs) for worker
exposure to constituents of potential concern (COPCs). The concentrations indicated as RBCs
generally correlate with conservative guidelines (i.e., 1 x 10"* cancer risk) for evaluating
potential risk to workers. Constituents which were found in surface soils at concentrations
which exceeded the RBCs for worker exposure were arsenic, beryllium, cadmium, and fluoride.
In subsurface samples, arsenic and beryllium were above RBCs. One sample contained
cadmium at a concentration above the RBC, and one sample contained zinc at a concentration
above the RBC. Both arsenic and beryllium concentrations considered by EPA to represent
background soils exceeded RBCs; therefore, these constituents were compared to background
concentrations, rather than RBC concentrations.

As shown in Tables 2.3-12 and 2.3-13, with the exception of arsenic and beryllium, the areas
where COPCs exceeded RBCs occurred within the areas of either the old unlined phossy waste
management ponds, or in the area of old calciner ponds or pond solids storage. Arsenic and
beryllium concentrations in soils were sporadically above RBCs and no clear association with
source areas was determined for all the areas where these constituents occurred. At locations
such as former unlined pond areas, the presence of arsenic in the subsurface is likely related to
the migration of wastewater from the former pond through the soil column.

The Remedial Action Objectives (RAOs) developed for current workers for soils and solids
within the FMC Subarea on the basis of the analysis presented in Sections 2 and 3 are:

• Prevent external exposure to radionuclides in soils at levels that pose estimated excess
cancer risk above the range of 1 x 10"* to 1 x 10"4, or site-specific background levels where
that is not practicable. Uncertainties associated with exposure to gamma radiation must be
fully evaluated prior to establishing Preliminary Remediation Goals (PRGs) for the
soils/solids exposure pathway.
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• Prevent ingestion of soils containing radionuclides, arsenic, beryllium, cadmium, fluoride,
or zinc at levels that pose an excess cancer risk above 1 x 10"6 to 1 x 10"4, or site-specific
background levels where that is not practicable.

• Prevent release and migration of radionuclides or chemicals that, under current conditions,
may pose unacceptable risk to humans. The remediation goals to be used in the FS will
begin by looking at the feasibility of achieving the protective end of the risk range (1 x 10'*
excess cancer risk) or site-specific background levels where that is not practicable.

Additionally, for future workers the RAOs were modified as follows:

• Prevent ingestion, direct contact, release or migration of radionuclides or chemicals in
source materials that, in the event of closure of the FMC facilities or changed future
operating conditions, would pose an unacceptable risk to human health or have an adverse
effect on the environment

4.1.1 General Response Actions

Remedial Action Objectives were developed using a conceptual site model which identified
potential sources of constituents of concern, possible release mechanisms, potential migration
pathways, and potential receptors. These initial RAOs were presented in the Remedial
Investigation/Feasibility Study Work Plan (Bechtel, 1992), and the Identification of Candidate
Technologies Memorandum (Bechtel, 1993). These preliminary RAOs were modified on the
basis of the data obtained during the RI, and information contained in the Baseline Human
Health Risk Assessment (Ecology and Environment, 1995). The RAO Memorandum was
submitted to the EPA on September 14,1995.

Sources of COPCs include former unlined ponds and various byproduct and waste storage areas
within the FMC Subarea. Former unlined ponds include old Ponds IS through 7S and IE
through 6E, recently closed Pond 8S, former pond and waste storage area 9S, old calciner ponds
1C and 2C, former kiln scrubber ponds, and the former kiln scrubber overflow pond. The
locations of these former unlined ponds are shown in Figure 2.2-1. Other unlined byproduct and
waste storage areas include a calciner pond solids storage area, and a waste material storage area.
The former slag pit sump was also a likely source of COPCs.

All currently active ponds (US through 14S, 16S, 8E, and 9E), plus former Pond 10S and
inactive Pond 15S, are lined ponds. As discussed in the RI, these active ponds are SWMUs
regulated under RCRA. They are not currently sources of COPCs. However, in accordance
with the goals of the RCRA/CERCLA MOU, this FS evaluates whether there is any need for
remedial action with respect to these SWMUs, and the types of any such action that may be
appropriate.
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As stated above, within the FMC Subarea, the constituents of potential concern in surface and
near-surface soils identified in the RI and the BRA are arsenic, beryllium, cadmium, fluoride,
and radionuclides. As shown in Section 2.3, arsenic, beryllium, and cadmium are associated
with the former phossy water and precipitator slurry ponds. These constituents plus fluoride are
associated with the calciner pond solids.

As discussed in Section 3.1.1, measured exposure rates of gamma radiation, which included
background, ranged from 10 urem/hr (20 mrem/yr) inside the control room to 52 urem/hr (104
mrem/yr) unshielded at the slag pile. Thirty-four measurements were taken in exterior,
unshielded locations. The values measured at these locations ranged from 10 to 52 urem per
hour (20 to 104 mrem/yr), and averaged 29 urem per hour (58 mrem/yr). Levels obtained from
the aerial gamma radiation survey (EPA, 1987) were generally between 14.5 and 30 urem/hr (81
to 168 mrem/yr) in the foothills, and 11 to 14.5 urem/hr (62 to 81 mrem/yr) in the Michaud
Hats. Based on the range of values indicated in the aerial survey, the average for these areas
would be about 20.5 urem per hour (115 mrem/yr). It should also be noted that levels measured
in the residential areas of die city of Pocatello generally ranged from 14.5 to 30 urem per hour
(81 to 168 mrem/yr).

The level measured in the unshielded location on the slag pile (52 urem/hr) is well below the
levels that would necessitate a radiation protection program under 29 CFR 1910.96. A radiation
protection program is required where external doses have a potential to exceed 500 mrem/yr if,
there are workers less than 18 years of age; a level of 1250 mrem/yr is applicable for workers 18
years or older. The highest potential dose rates observed were 52 uxem/hr, which after
subtracting a conservative measure of background of 15 urem/hr yields an excess dose rate of 37
Hrem/hr. Full-time exposure at this rate for 2,000 hours per year results in 74 mrem/yr, which is
well below a level that warrants a radiation protection program.

Potential general response actions evaluated for soils and solids within the FMC Subarea
include:

No action - represents no change from conditions at the time the AOC was signed,
and represents a "base case" for comparison in the evaluation of other response
actions.

No further action - recognizes changes discussed above that have been made at the
site since the AOC was signed. As discussed in Section 2.3, these actions include
covering of former Pond 8S, paving of approximately 5 mi. (8 km) of roads, paving
of approximately 200,000 ft2 (18,580 m2) of non-roadway plant areas, and initiating
deed restrictions on FMC property.
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Institutional controls - includes such actions as fencing, security controls, and deed
restrictions, site industrial hygiene practices, site work rules and site construction
practices.

Containment - includes capping and/or construction of barriers to limit the mobility
of constituents of concern.

Removal, collection and disposal - includes excavating, dredging or pumping of
materials which may reduce the mobility of constituents of concern.

Ex-situ treatment - includes stabilization/fixation, dewatering, or thermal
destruction applied to excavated or dredged materials, which may be used to reduce
the mobility, toxicity or volume of constituents of concern.

In-situ treatment - includes stabilization/fixation, dewatering, or thermal destruction
applied in place, which may be used to reduce the mobility, toxicity or volume of
constituents of concern.

The appropriate general response action will vary on the basis of the materials present, their
chemical composition, and the constituents of concern. General response actions, remedial
technologies, and process options may also vary from location to location within the subarea.

One or more remedial technologies may be associated with each general response action. A
remedial technology may also have one or more process options. Potentially applicable
technologies and process options are discussed in Section 4.1.3.

4.1.2 Volumes and Areas of Soils and Solids

Reviews of site historical operations and analytical data from the RI have been combined to
develop estimates of areas and volumes for former unlined ponds, byproduct, and waste disposal
areas which contain constituents of potential concern at levels which conceivably could require
remedial action. Due to the presence of elemental phosphorus, sampling of the former unlined
ponds was limited to a few locations. However, these ponds are all similar in the types of
materials they received during their operational cycle, and drilling done at a few locations has
provided sufficient data to evaluate these former pond areas. Additionally, work done for the 8S
Closure Plan (FMC, 1993) provided valuable information on pond characteristics while still
under hydraulic head.

For the purposes of evaluating remedial alternatives, potential sources have been grouped into
areas with similar characteristics, as shown in Table 4.1-1. In some cases, the ponds have been
excavated for new construction and little or no material remains. In other areas, material was
removed and sold.
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TABLE 4.1-1
Potential Sources • Soils and Solids

Area

IS
2S
3S

4S
5S
6S
7S
IE

2E
3E
4E

5E

6E
7E

8S

10S
15S

9S

Kiln Scrubber Ponds

Kiln Scrubber
Overflow Pond

Old Calciner Ponds 1C
and2C

Calciner Pond Solids
Area

Oversize Ore and
Bagbouse Dust Area

Materials Received/Remarks

Historical Unlined Ponds
Phossy water and phossy solids.
Phossy water and phossy solids.
Precipitator slurry solids, slag pit waster and solids; phossy
water and phossy solids, residual from ?4 reclaim operations.
Precipitator slurry solids.
Phossy water and phossy solids.
Precipitator slurry solids, phossy water and phossy solids.
Precipitator slurry solids with some phossy hot spots.
Phossy water and carryover fine solids from upstream ponds.
precipitator slurry solids and dried slurry.
Phossy water and carryover fine solids from upstream ponds.
Phossy water and carryover fine solids from upstream ponds.
Phossy water and carryover fine solids from upstream ponds;
precipitator slurry solids overflow.
Phossy water and very minor carryover fine solids from
upstream ponds.
Same as SE.
Phossy water overflow from upstream ponds.

Inactive Ponds
Phossy water and phossy solids; some precipitator slurry
solids. Pond was unlined.
Fluid bed dryer slurry. Lined pond.
Double lined with leachate collection system.

Other Areas
Former unlined pond; area excavated and used as storage area
for dried precipitator slurry solids.
Excavated and removed for Number 2 calciner foundation.
(No historical records available.)
Located beneath the calciner fines pile. Not in service since
early 1960's. (No historical records available.)
Partially excavated and removed for new calciner ponds 3C
and 4C; remainder removed for construction of solar drying
area. (No historical records available.)
Solids dredged from old calciner ponds and soil removed from
area of old calciner ponds. Area is covered with soil. (No
historical records available.)
Oversized ore and baghouse dust Unlined.

Estimated
Area

(acres)

05
0.8
12

0.8
1.0
2.3
3.6
1.9

3.3
10.4
1.8

6.6

6.7
4.3

3.1

1.0
9.4

4.0

-

-

-

5.0

.0>

Estimated
Volume

(yd3)

2,400
875

8,800

6,500
8,500

24,600
18,200
9,000

0<i>
0(D

29,000

Od)

Od)
0P)

90,350™

217,800
225,850

o<4)

101,000

(1)

(2)

(3)

W

(5)

Material was removed and placed in another pond, or sold. New ponds were constructed over all or part of the
area occupied by this pond.
Pond 7E was an overflow pond. Most of the pond was removed during the construction of Pond 15S.
Pond 8S was an unlined pond. The pond was covered and dewatered in the summer of 1994.
Area 9S was a former unlined pond which was excavated and used as a storage area for precipitator slurry solids.
Oversized ore and baghouse dust are currently recycled
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4.1.3 Potentially Applicable Technologies

As described in Section 2.1.1, constituents of potential concern in soil media include arsenic,
beryllium, cadmium, and fluoride. Candidate technologies for soils and solids were screened in
the Identification of Candidate Technologies Memorandum (Bechtel, 1993). General response
actions, applicable technologies, and process options for soils and solids identified are shown in
Figure 4.1-1. These alternatives and their applicability to the FMC Subarea are discussed in this
section.

4.1.3.1 No Action

The no action option is viable where concentrations of constituents of concern are below site-
specific risk-based levels and when these constituents pose little or no threat to human health or
the environment. The no action option should also be considered if remediation efforts would
cause great risk to human health or the environment during implementation or when the cost of
remediation is excessive compared to the benefits of the risk reduction achieved.

4.1.3.2 No Further Action

The no further action option would be appropriate if the actions taken to date have sufficiently
changed the site conditions such that the constituents of concern pose little or no threat to human
health or the environment. This option should also be considered if further remediation efforts
would cause great risk to human health or the environment during implementation or when the
cost of remediation is excessive compared to the benefits of the risk reduction achieved.
Additionally, this option would be appropriate if the actions taken to date, combined with the
regulatory controls on the active facility (e.g., RCRA, OSHA, CAA, CWA), are sufficiently
protective of human health and the environment

4.1.3.3 Institutional Controls

Access Restrictions. Access restrictions prevent or control direct contact with impacted areas or
prevent inappropriate future use of impacted or remediated areas. Two common types of access
restrictions are fencing and deed restrictions. Neither would reduce the mobility, toxicity, or
volume of constituents of concern. However, access restrictions may prevent direct contact with
or exposure to these constituents, and preserve the integrity of any site remediation.

Fencing. Fencing and security controls limit access to the facility in general or to specific
areas within the facility where chemicals of concern exceed risk-based concentrations.
Restrictions may be applied to specific areas to limit the potential for exposing employees
and/or sensitive wildlife to impacted areas. While the entire site may be fenced with
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Section 4 General Response Actions, Remedial Technologies, and Process Options Identification

appropriate warning signs and security-controlled entry points, fencing of specific areas
may provide additional protection.

Deed Restrictions. Deed restrictions are legal mechanisms used to restrict future land uses
at the site that may interfere with the integrity of the remediation or involve uses that are
not appropriate to the given nature of the remedial action. Deed restrictions or other
legally binding restrictions for contaminated sites could limit or prohibit future residential
or agricultural uses of land and excavation or other activities within specified areas.

4.1.3.4 Containment

Containment reduces the mobility of constituents of concern. Containment may be used to
prevent mobile constituents from migrating away from their existing location, infiltration of
water which may mobilize otherwise immobile constituents, or direct contact with constituents
of concern. Containment reduces the mobility of constituents of concern, but does not reduce
their toxicity or volume.

Capping. Capping involves covering source areas, such as inactive ponds, with an engineered
cover that prevents direct exposure to source materials, limits infiltration of surface water, and
prevents further migration of constituents of concern to air, soils, and groundwater. Capping has
been demonstrated at many sites to be effective, providing long-term stability with minimal
maintenance.

Various capping methods, materials, and designs are used, as follows:

Clay. Clay is commonly used in remedial caps to prevent infiltration of water and because
it has low permeability. Clay caps are constructed by compacting clay in a series of layers
or "lifts" to a specified density to minimize its permeability. In operating facilities, clay
caps are not appropriate for use on plant roads and other surfaces which carry heavy
vehicle traffic. In semi-arid regions, clay caps used alone may be subject to desiccation
and cracking. Additionally, clay is difficult to compact on steep slopes.

For these reasons, clay caps are frequently used in conjunction with other capping
materials such as geosynthetic membranes and vegetation. There are no sources of
sufficient quantities of native clay for capping near the FMC Subarea; therefore, clay cap
would probably be constructed using native soil augmented with a commercially available
product such as bentonite clay to reduce soil permeability.

Asphaltic Concrete and Concrete. Asphaltic concrete and concrete covers are
constructed of a gravel underlayer covered by asphaltic concrete and/or concrete.
Asphaltic concrete and concrete covers are able to withstand traffic and are thus
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particularly suited for resurfacing unpaved roads and storage areas. Although these covers
are subject to cracking from traffic wear and extreme weather conditions, repair is
relatively straightforward.

Geosvnthetic. Geosynthetic liners are manufactured from various synthetic materials in a
wide range of thickness (usually between 20 mil and 60 mil). These liners are available in
large sheets which are seam-welded on site to form a continuous impermeable barrier.
Geosynthetic liners have low permeability, but are subject to punctures and tears. They are
also weakened by prolonged exposure to sunlight and weathering. Unlike clay liners,
geosynthetic liners may be installed on steep slopes. Geosynthetic liners require a smooth
surface, usually provided by a bedding layer, and a protective covering to prevent
punctures or other damage from sunlight or weather.

Mixed Caps. Mixed caps employ more than one material to form a multilayer cap that
meets performance standards appropriate for the site. For example, clay, geosynthetic
liners, native soil, and vegetation are often used in layers to form a cap that effectively
reduces water infiltration and wind erosion. These multimedia caps have lower
permeability and are less susceptible to erosion degradation, drying, cracking, and other
problems than single media caps.

Any capping material or combination of materials reduces the mobility of constituents by
reducing or eliminating infiltration, eliminating airborne migration of particulates, and
preventing potential direct contact to humans and animals.

Vertical Barriers. Vertical barriers are used to restrict the lateral movement of constituents of
concern in soils or solids. As stated earlier, vertical movement of constituents through the
relatively fine-grained surface soils at the site has not occurred where there is no sustained
hydraulic head, and there is no evidence of any significant lateral movement of constituents of
concern through the soils within the FMC Subarea, Therefore, vertical barriers are not an
appropriate remedial technology for soils and solids for the FMC Subarea.

Surface Controls. Infiltration from precipitation and surface runoff may be reduced by
enhancing the natural flow of runoff through surface grading and vegetative cover. Soil grading
may be appropriate for current operating areas; soil grading with or without vegetative cover
may be appropriate for inactive areas. Grading can be effective alone or in conjunction with
capping and vegetation.

Soil Grading. Soil grading involves altering the topography of site soil surfaces to control
and minimize surface water infiltration and runoff. Soil grading may be suitable for
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inactive areas, such as filled and covered former ponds, or for existing operating areas.
Grading is effective in conjunction with capping and vegetation.

Vegetation. Vegetation involves applying a top soil layer and then seeding, preferably
with native plants. Vegetation is effective in reducing surface water infiltration, runoff,
and wind erosion. It is usually used in conjunction with grading and/or capping.

4.1.3.5 Removal/Disposal

Removal. Removal of solids such as impacted soils, solids, or sludges by excavating, dredging,
and/or pumping is often part of an effective program for reducing or eliminating onsite risks. By
removing these materials, constituents of concern are no longer available to migrate into air,
groundwater, or the surrounding soils. Although removal of impacted material could be
accomplished for some impacted areas, removing materials containing elemental phosphorus
would present very high short-term health and safety risks during handling.

Excavating. Analysis of soil data indicate that with the exception of the old phossy waste
ponds, the old calciner ponds, and the calciner pond solids storage area, there are no areas
of the site where concentrations of constituents of concern exceed risk-based
concentrations. Since the remedial investigations were completed, the remaining area of
the old calciner ponds not covered by the new calciner ponds has been excavated to native
soils and a lined solar pond solids drying area has been constructed (Figure 4.1-1). The
dried, old calciner pond solids and the excavated soil from the area of the old calciner
ponds area are contained in an area south of the current calciner ponds and have a soil
cover.

In the areas of the old unlined phossy waste ponds, all the pond solids and sludges
containing elemental phosphorus are covered with slag and other fill materials. Excavation
of the old pond solids containing elemental phosphorus is not appropriate, due to the high
short-term health and safety risks, such as potential exposure to releases of highly toxic
phosphine gas (PHj), phosphorus pentoxide (P2O5), and thermal hazards associated with
these activities.

Dredging. Currently, dredging of pond sludges (i.e., from FMC active ponds) is
conducted with large barge-mounted dredges. For inactive ponds where sludges have been
dried, draglines and clamshells would be the method required unless water were added to
the sludges to permit bottom dredging. The draglines and clamshells may either be barge-
mounted or stationed on the pond bank.

Dredging is not appropriate for pond solids or sludges containing elemental phosphorus
unless they are maintained with a high moisture content. The use of draglines and
clamshell buckets would create significant safety and health risks.
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Pumping. Contaminated sludges can be removed from ponds by pumping. Centrifugal
pumps are commonly used in water treatment applications for liquids and sludges. Other
types may be used for sludge transport including screw and plunger pumps. For inactive
ponds where sludges have been dried, water would have to be added to the sludges to
permit pumping.

Disposal. Disposal options for solids include onsite and offsite landfilling. Solids classified as
hazardous wastes could require additional chemical or physical treatment prior to offsite land
disposal in an engineered hazardous waste landfill.

Onsite Disposal. Onsite disposal could be used for excavated soils, solids/sludges, or
treated materials. The FMC Subarea has an active solid waste landfill for trash and other
debris from plant operations. The FMC plant also has an active hazardous waste
management unit (Pond 16S) subject to RCRA regulations.

An engineered hazardous waste landfill is an effective method of limiting the migration of
constituents by isolating solid hazardous wastes from surface infiltration and the
surrounding soil. Disposal of soils and solids in a landfill would not reduce the toxicity or
volume of the constituents of concern, but would limit their mobility.

Offsite Disposal. Small volumes of impacted soils and solids that are not amenable to
onsite treatment and/or disposal may be transported to an offsite landfill for disposal.
Options requiring offsite transport of hazardous wastes are less desirable than onsite
options, due to the possibility of an accidental spill and possible public exposure to the
spilled materials. Additionally, materials containing elemental phosphorus would not be
appropriate for offsite disposal, due to the potential safety risks and the transportation
requirements under the regulations of the U.S. Department of Transportation.

Recycle/Reuse. Selected byproducts, such as ferrophos, can be sold. Onsite and offsite
recycle/reuse may be appropriate for some of the waste solids. FMC has a long history of
evaluating ways to achieve additional product recovery and reduce the volume and toxicity of
byproducts and wastes produced during plant operations.

4.1.3.6 Ex-Situ Treatment

Physical Physical treatment technologies, such as stabilization, dewatering, and aeration,
reduce the mobility or toxicity of constituents of concern, or reduce the volume by changing the
physical properties of the materials (by lowering moisture content, increasing density, and/or
reducing permeability).

Stabilization/fixation. Stabilization/fixation is a technology in which inorganic or organic
agents are added to impacted soil to reduce the solubility or mobility of the constituents of
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concern. Ex-situ stabilization generally involves excavation of the solids, mechanical
mixing of the solids with stabilization agents, curing of the mass for optimal leach
resistance and mechanical properties, followed by onsite or offsite disposal of the
stabilized mass. A variety of stabilization agents are available, including cement, fly ash,
silica, bentonite, and various polymers. The types and combinations of stabilization agents
which are effective for a particular waste depend on the solid's chemical characteristics
and its physical characteristics. Stabilization and fixation may be effective for reducing the
mobility of metals in solid sources; however, it is not appropriate for materials containing
elemental phosphorous, due to short-term health and safety considerations during
processing.

Dewaterinq. Dewatering would be effective for separating liquid and solid media for
further treatment or disposal. Dewatering may be necessary for wastewater treatment
sludges if that option is selected as part of the site remedy. Three types of dewatering are
gravity, mechanical, and evaporation. Gravity dewatering involves the settling of
suspended solids in settling ponds or basins, with or without the aid of "tube settlers" or
other devices. Gravity settling typically produces in a sludge which contains
approximately 5 percent solids. By comparison, devices used for mechanical dewatering
can produce sludges with approximately 70 percent solids. Belt presses, centrifuges, filter
presses, and vacuum filtration units are all examples of mechanical dewatering devices.
Evaporation using steam or fuel as a heat source results in the driest final product Non-
solar evaporation is an energy intensive process and can be inappropriately expensive.
Dewatering is not an appropriate technology for soils or solids being considered for
remediation within the FMC Subarea because none of the materials contain free liquids;
therefore, this technology is not retained for further consideration.

Separation. Physical separation is a process whereby soils are slurried, and passed
through a gravity separation process to extract inorganics. This process is most effective
where there is a significant difference in particle size, and the constituents of concern are
concentrated in a narrow range of sizes. It is also effective where free metals are present
and can be selectively removed. These are not the conditions at the FMC Subarea, and this
process option is therefore eliminated from further consideration.

Aeration. This process is not effective for the primary constituents of concern (metals and
other inorganics) at the FMC Subarea.

Thermal Thermal treatment technologies involve the application of thermal energy to catalyze
reactions that immobilize or detoxify inorganic compounds, or destroy organic compounds by
oxidation or separation by distillation or volatilization.
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Incineration. Incineration is a process which effectively destroys organic compounds by
applying sufficient energy to convert these compounds into nontoxic constituents (e.g.,
water, carbon dioxide). Incineration is not effective as a treatment technology for
inorganic constituents, the constituents of concern at this site; therefore, this technology is
not appropriate for the FMC Subarea.

Desorption. Desorption is a process by which volatile compounds are separated or
recovered from a solid or liquid matrix. Types of desorption include distillation and
volatilization. These process options are effective for organic constituents. Desorption is
not effective as a treatment technology for inorganic constituents, the constituents of
concern at this site; therefore, this technology is not appropriate for the FMC Subarea.

Wet Air Oxidation. Wet air oxidation is a combustion process which occurs in the liquid
phase, by adding air at high pressures and elevated temperatures. Products of the reaction
are water, nitrogen compounds, carbon dioxide, and an oxidized liquid stream (Ehrenfeld
& Bass, 1984). The process is effective in destroying organic compounds, and has been
demonstrated to oxidize sulfide and cyanide. However, it is not effective as a treatment
technology for the constituents of concern at this site; therefore, this technology is not
appropriate for the FMC Subarea.

Chemical Chemical treatment promotes chemical reactions that convert chemicals into less
hazardous compounds. Typically, chemical treatment involves applying chemicals to soils.

Oxidation/Reduction. Chemical oxidation and reduction reactions use oxidizing and/or
reducing agents which raise or lower the oxidation states of constituents of concern.
Oxidation reactions are effective in detoxifying hazardous sludges containing both organics
and inorganics. Common oxidizing agents include hydrogen peroxide, chlorine, and
ozone.

Hydrolysis. Hydrolysis is a process in which chemicals react with hydrolyzing agents
resulting in the decomposition of the chemical compounds. Hydrolysis has been practiced
as a commercial process for many years. It is widely used for treating organic wastes, and
may be effective for some inorganic chemicals, including elemental phosphorus. The
hydrolyzing reagent is usually a mineral acid or alkaline solution. For hazardous waste
treatment applications, it can be applied to solids, liquids, and gaseous materials. A
disadvantage of hydrolysis is the possibility of producing reaction byproducts which are
toxic.

Extraction. Soil washing is generally a multistage, counter-current, intense scrubbing
circuit in which contaminated soils or sludges are excavated/dredged, screened, attrition
scrubbed, washed with a surfactant, and separated. The application of soil washing has
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been demonstrated for petroleum, hydrocarbon and wood-treating chemical contaminated
soils. The effectiveness of this technology in other applications is currently under
evaluation by the EPA. Chemical extraction has not been demonstrated to be effective as a
treatment technology for inorganic constituents, the constituents of concern at this site;
therefore, this technology is not appropriate for the FMC Subarea.

Biological.

Enhanced Biodegredation. Biological treatment of solids consists of enhancing the
biological degradation of organic constituents by microorganisms. Biological treatment,
including land fanning, is typically implemented by creating favorable conditions for
microbial activity. Biological treatment is generally effective for hydrocarbon-containing
waste. The process has not been demonstrated to be effective as a treatment technology for
the constituents of concern at this site; therefore, this technology is not appropriate for the
FMC Subarea.

4.1.3.7 In-situ Treatment

Physical/Chemical.

Stabilization/Fixation. In-situ stabilization/fixation is performed by using special
machinery to directly inject stabilization agents, such as cement, into the soil. Types of
equipment used to deliver the stabilization agents into soils include rotary injection augers,
jet grouting, and pressure grouting. In-situ treatment offers advantages and disadvantages
similar to ex-situ stabilization.

Thermal. Thermal treatment technologies involve the application of thermal energy to catalyze
reactions that immobilize or detoxify inorganic compounds, or destroy organic compounds by
oxidation or separation by distillation or volatilization.

Vitrification. Vitrification is a thermal treatment process that immobilizes inorganic
compounds and destroys organic compounds by electrically heating and fusing the soil into
a stable, glass-like block. Because elemental phosphorus is present in the old phossy ponds
area of the FMC Subarea, and may produce flammable and highly toxic phosphine gas
(PHj) when heated to the temperatures required for vitrification, this technology is not
appropriate for the FMC Subarea.

Desorption. As discussed under ex-situ treatment above, desorption is not effective as a
treatment technology for inorganic constituents, the constituents of concern at this site;
therefore, this technology is not appropriate for the FMC Subarea.
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Biological.

Enhanced Biodegredation. In-situ biological treatment of solids uses the same principles
as ex-situ biological treatment, except that the solids are not removed and are treated in
place. It consists of enhancing the biological degradation of organic constituents by
microorganisms. The process has not been demonstrated to be effective as a treatment
technology for the constituents of concern at this site; therefore, this technology is not
appropriate for the FMC Subarea.

Phvtoremediation. Phytoremediation involves the use of vegetation for the in-situ
treatment of contaminated soils and sediments. It is an emerging technology that shows
some promise for effective and inexpensive cleanup of organic chemicals, and may be
appropriate for soils contaminated with metals. Plants can be used to remediate soils
through direct uptake of contaminants and subsequent accumulation of nonphytotoxic
contaminants into the plant tissue. Use of phytoremediation for metals would require plant
harvesting and disposal.

Technologies Retained for Further Screening

The potentially applicable technologies for soils and solids that are retained for further screening
are shown in Figure 4.1-2.
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4.2 GROUNDWATER

Section 2.3.2 describes the groundwater conditions within the FMC Subarea. Grpundwater
within the FMC Subarea has been impacted by site operations in areas where a sustained head
was applied to site byproducts and wastes. These areas correlate primarily to areas where former
unlined ponds were located. In the central and eastern portions of the subarea, this includes old
calciner Ponds 1C and 2C, the former kiln scrubber ponds, the kiln scrubber overflow pond, and
the slag pit sump. In the southwestern portion of the subarea, these include old phossy waste
Ponds OOS, OS, IS through 7S, IE through 7E, recently closed and dewatered Pond 8S, and
former Pond and Storage Area 9S.

Impacts from the FMC Subarea include elevated (greater than representative level as described
in Section 4.4 of the RI) concentrations of major ions, decreased pH, and the metals arsenic,
lithium, magnesium, and selenium. Boron, barium, cobalt, and fluoride concentrations were
elevated over a smaller area and at fewer sources when compared to the extent of elevated major
ion and nutrient concentrations. No significant concentrations of organic compounds were
detected.

The evaluation of site remedial alternatives depends on the concentrations of constituents of
concern, volumes and geographic location of areas where health-based risk levels of these
constituents are exceeded, and the depth of the groundwater containing the constituents of
concern. These factors will influence the selection and suitability of alternatives to be
implemented, and the estimated cost of these alternatives.

General information on the groundwater flow for the FMC Subarea has been previously
presented in Section 2. Groundwater within the FMC Subarea flows from the foothills of the
Bannock Range to the north/northeast Shallow groundwater flows toward the northern portion
of the FMC Subarea where it mixes with the Michaud Flats and Portneuf River groundwater
systems. The impacted groundwater is limited to the shallow aquifer. Geographic areas defined
for groundwater evaluation at the FMC Subarea are the southwest/central areas, the eastern FMC
area, and the northern FMC properties.

To determine the volumes and areas of groundwater contamination, data from the various
monitoring wells in each of the above areas have been compared with representative
(background) levels and MCLs. Characteristics of the groundwater for each of these areas is
provided in Table 2.3-14. Representative concentrations for groundwater and MCLs are
provided. As previously discussed, the constituents of concern for the impacted groundwater are
arsenic, selenium, nitrate, fluoride, manganese, and sulfate. Concentrations of constituents of
potential concern in the shallow aquifer within the FMC Subarea are shown in Figures 2.3-4
through 2.3-10.
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The extent of FMC-related effects is primarily confined to areas within the FMC Subarea.
Average concentrations of constituents of concern in groundwater exiting the FMC Subarea at
Batiste Springs are equal to or lower than primary MCLs.

Groundwater is currently pumped from the northwestern portion of the FMC Subarea,
upgradient from the impacted areas, for use within the FMC Subarea. This groundwater is the
source of drinking water for the FMC facilities, and for plant operations. There is no
incremental risk to current workers from groundwater within the FMC Subarea. The BRA
identified a potential future risk, should future workers use impacted groundwater within the
shallow aquifer as a source of drinking water. It should be noted that the BRA does not, by
convention, consider institutional controls in the risk calculations.

The preliminary RAOs for groundwater developed for future workers for the FMC Subarea on
the basis of the data analysis presented in Sections 2.3, 2.4, and 3.1 is:

• Prevent potential ingestion of groundwater with levels of chemicals or radionuclides
exceeding primary MCLs.

• Where practicable, return usable groundwater to beneficial uses to protect human health
and the environment.

4.2.1 General Response Actions

To satisfy the remedial action objectives established for groundwater, general remedial response
actions have been developed. The potential general response actions identified for addressing
the remedial action objectives for groundwater include:

No action - represents no change from conditions at the time the AOC was signed,
and represents a "base case" for comparison in the evaluation of other response
actions. This response does not include routine monitoring.

No further action - recognizes changes discussed above that have been made at the
site since the AOC was signed. As discussed in Section 2.3, these actions include
dewatering former Pond 8S, lining the railroad swale over most of its length,
construction of a lined calciner pond solids management area, additional paving of
plant roads and non-roadway plant areas, implementation of deed restrictions on
FMC property.

Institutional controls - includes such actions as fencing, security controls, routine
monitoring, deed restrictions, and water rights restrictions.
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Containment - includes capping of source areas to control infiltration and
construction of subsurface barriers to control lateral flow direction.

Removal/collection and disposal - consists of groundwater pumping and either
recycling through the plant or disposal by surface discharge or reinjection.

Ex-situ treatment - consists of physical, chemical, thermal, or electrolytic treatment
of extracted groundwater prior to recycling or disposal.

In-situ treatment - injection of chemical agents to neutralize, precipitate, or destroy
the constituents of concern in the groundwater.

Each of these response actions is associated with one or more remedial technologies. A remedial
technology may have one or more process options. These are addressed in Section 4.2.2.

4.2.2 Potentially Applicable Technologies

Candidate technologies were screened in the Identification of Candidate Technologies
Memorandum (Bechtel, 1993). Figure 4.2-1 shows potentially applicable technologies for
treating groundwater identified in the memorandum.

4.2.2.1 No Action

For the no action option, no cleanup or containment measures would be undertaken. This option
is appropriate for source media that have associated risk that poses little or no threat to human
health or the environment This is also a viable option if remediation efforts would cause great
risk to human health or the environment during implementation, or when the cost of remediation
is excessive compared to the benefits of the risk reduction achieved.

4.2.2.2 No Further Action

The no further action option would be appropriate if the actions taken to date have sufficiently
changed the site conditions such that the constituents of concern pose little or no threat to human
health or the environment. This option should also be considered if further remediation efforts
would cause great risk to human health or the environment during implementation or when the
cost of remediation is excessive compared to the benefits of the risk reduction achieved.
Additionally, this option would be appropriate if the actions taken to date, combined with the
regulatory controls on the active facility (e.g., RCRA, OSHA, CAA, CWA) are sufficiently
protective of human health and the environment.
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4.2.2.3 Institutional Controls

Access Restrictions. Access restrictions, including fencing, security controls, and deed
restrictions limit access to a facility with impacted areas. Two common types of access
restrictions are fencing and deed restrictions. Neither type of access restriction reduces the
mobility, toxicity, or volume of hazardous chemicals. However, access restrictions may
preserve the integrity of the site remediation over time and prevent development and use of
impacted groundwater.

Fencing. One means of preventing exposure is to restrict site access. By restricting
access, individuals not familiar with site conditions can be prevented from taking actions
which may cause exposure to impacted site materials. As a "stand alone" action, fencing
would have little impact on the potential exposure to impacted groundwater. However, as
one of a group of actions, it could provide additional protection against actions which
could cause such an exposure to occur.

Peed Restrictions. Another means or preventing exposure is legal restriction placed on
property to restrict certain types of use. These legal restrictions may involve state or local
governmental restriction on the use of the land or the resources associated with it, or
restrictions that the property owners place unilaterally on the potential future use of the
property. The intent of such restriction is to prevent use of the site that could facilitate
contact with impacted materials.

Monitoring. Monitoring of groundwater is used to evaluate the effectiveness and efficiency of a
remedial action. The number and location of the wells to be monitored, constituents to be
analyzed, and frequency of monitoring would be developed to satisfactorily evaluate the
effectiveness of the remedial action selected. In general, monitoring consists of water level
measurements and collection of groundwater samples for laboratory analysis on a routine basis.
The frequency depends on a number of site-specific factors, including climate, groundwater flow
rates, water chemistry, water level fluctuations, and proximity of impacted groundwater to
potential receptors.

4.2.2.4 Containment

Capping. Capping involves covering source areas, such as inactive ponds, with an engineered
barrier that prevents open exposure of sources, limits migration of constituents of concern to air,
soils, and groundwater, and provides long-term stability with minimal maintenance. Various
capping methods are available, including clay, asphaltic concrete, concrete, or vegetation. A
discussion of capping technologies is provided in Section 4.1.1.3.
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Subsurface Hydraulic Barriers. Hydraulic barriers essentially form groundwater diversions and
can consist of extraction wells, injection wells, slurry or grout walls, or a combination of all of
these.

Extraction wells. An extraction well option would be comprised of extraction wells
designed to create a hydraulic barrier or hydraulic control by intercepting the flow of
impacted groundwater containing the constituents of potential concern at levels which
exceed ARARs. Extracted groundwater would require treatment prior to disposal or reuse
in the FMC Subarea.

Injection wells. An injection well option would be similar to the extraction well option,
except that water would be injected into the aquifer to form a hydraulic barrier by
increasing the water level above that in the surrounding portions of the aquifer. Given the
conditions at the FMC Subarea, this process option would likely require large quantities of
groundwater to be injected into the subsurface.

Slurry or grout walls. Slurry walls are usually constructed by excavating materials to the
required depth, and backfilling with a mixture of fine-grained soils and bentonite clay.
Grout walls may be constructed in a similar manner, replacing the excavated material with
a cement or silica gel grout mix. Grout walls may also be constructed by drilling.,
overlapping large diameter borings and backfilling them with cement grout. Depth to
groundwater and complex geology within the impacted areas of the FMC Subarea would
make the construction of such hydraulic barriers very difficult. The natural groundwater
flow patterns within the FMC Subarea make it unnecessary to install such control
measures.

Surface Controls. Surface controls consist of ways to prevent or reduce infiltration of surface
water through impacted areas of the site. These include grading and drainage channel
construction and vegetative cover.

Grading and Drainage. The surface of the site may be graded to improve drainage of
surface water runoff away from impacted areas and prevent standing water from
developing in these areas. Grading and drainage channel development may include some
limited paving of portions of the channels.

Vegetation. Vegetation involves applying a top soil layer and seeding an area with native
plants. Vegetation is effective in reducing surface water infiltration, runoff, and wind
erosion. Vegetation may be used in conjunction with capping and/or grading.
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4.2.2.5 Removal/Disposal

Extraction. Extraction of groundwater for hydraulic control or treatment requires pumping from
wells. Equipment required depends on the location and depth of the wells, the quantity of water
to be extracted, treatment required, and disposal option(s) selected. Extraction and disposal of
groundwater could reduce the volume of impacted groundwater in the shallow aquifer.

Pumping. Groundwater extraction would be accomplished by use of wells which recover
impacted groundwater for treatment and recycling or discharge. Depending on the
subsurface conditions and the constituents involved, migration of constituents of concern
could be inhibited by the pumping. Extraction would need to be combined with treatment,
recycling, and/or discharge.

Disposal. Options available for the disposal of treated or untreated groundwater include
recycling to the FMC plant, surface water discharge, discharge to a publicly-owned treatment
work (POTW), and subsurface discharge into an injection well.

Recycle/Reuse. Recycling of groundwater would be dependent on the water quantity and
quality. Depending on the quality of the extracted groundwater, some degree of treatment
may be required. The plant currently recycles water from the waste streams that are
discharged to the ponds; therefore, the volume of water that can be recycled from a
groundwater extraction system is limited to the makeup water required by the plant.

Surface Water. Discharge to surface water is an effective method for disposal of treated
groundwater from the site. Discharge to the Portneuf River would require an NPDES
permit and the approval of regulatory agencies. Surface water discharge, in conjunction
with recycling, may be applicable if extracted quantities of groundwater exceed the plant's
makeup water requirements.

POTW. Discharge to a POTW would require a discharge permit and approval by the
POTW. The amount of pretreatment required before groundwater may be discharged is
dependent on the quantity and quality of the extracted groundwater and the requirements of
the receiving POTW.

Reinfection. Following treatment, extracted groundwater could be reinjected directly into
the aquifer to replace some of the extracted volume. The percentage replaced would
depend on the treatment method(s) selected. The applicability of subsurface injection is
dependent on the water quality, the local geological conditions, and potentially on State of
Idaho and Underground Injection Control (UIC) regulations.
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4.2.2.6 Ex-Situ Treatment

Physical. Physical treatment methods being evaluated include separation, adsorption and
demineralization. Separation technologies selected for evaluation include mechanical, gravity
and media filtration. Adsorption in water treatment applications is the physical and/or chemical
process in which impurities in water are adsorbed onto the surface of the adsorption media. Two
adsorbents are being evaluated for groundwater treatment for the FMC Subarea: activated
carbon and metal oxides. Demineralization technologies being evaluated include ion exchange
and reverse osmosis.

Separation - Mechanical. Mechanical separation is a process to remove solids from
liquids and is typically used prior to further downstream treatment. Mechanical separation
devices include belt presses, filter presses, and vacuum filtration units. These devices can
attain up to about 70 percent solids concentration depending on the nature of the solids to
be removed. While mechanical separation alone would not likely be effective in treatment
of the groundwater, mechanical separation may potentially be applicable in conjunction
with other treatment technologies, such as chemical precipitation.

Separation - Gravity. Gravity separation involves settling of suspended solids in ponds
or basins, with or without aid of "tube settlers" or other devices. Compared to the 70
percent sob'ds concentration attained by mechanical separation devices, gravity settling
typically results in a sludge with solids content less than half that for mechanical
separation. Gravity separation may potentially be applicable for impacted groundwater in
conjunction with other treatment technologies.

Separation - Media Filtration. Media filtration is a separation process which uses
granular material (typically, anthracite coal and/or sand) through which influent water
flows. Suspended solids are trapped on top and within the filter bed, while effluent is
collected in an underdrain. As suspended particles collect on the filter media, the particles
block the drain pores, reducing its effectiveness. The collected solids are rinsed out
periodically by reversing the direction of flow (backwashing). Like the other physical
separation processes, the filtration process alone would not be sufficient treatment by itself.
It may, however, be applicable in conjunction with other treatment technologies.

Adsorption - Activated Carbon. Carbon adsorption is a proven process for organics
removal in water treatment systems. In the carbon adsorption process, water is contacted
with the activated carbon in a series of packed bed columns. Although carbon adsorption
is an effective method of removing organic constituents, it is only effective for removal of
some metals. As a stand-alone process, carbon adsorption can be effective for removal of
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low levels of arsenic but is ineffective for the removal of selenium. Therefore, carbon
adsorption is not an appropriate process option for the FMC Subarea.

Adsorption - Metal Oxide. Metal oxides are capable of selective metal adsorption. One
example of this material is activated alumina. Activated alumina functions in a manner
similar to granulated activated carbon. It has been used to remove inorganics from dilute
waste streams, and is effective for removing arsenic. The influent groundwater may need
to be adjusted for pH to improve the effectiveness of the process. The alumina column
could be wasted or regenerated through the use of a series of acid and base baths.
However, the alumina column or the liquid from regeneration would be high in arsenic,
and would need to be treated as a hazardous waste.

Demineralization - Ion Exchange. Ion exchange is a treatment method in which cation or
anion exchange resins are used to remove ions from water/wastewater. Ions held by
electrostatic forces to charged function groups on the surface of the ion exchange resin are
replaced by ions of similar charge in the water. Ion exchange resins are selected to
preferentially remove specific ions from the feed water and replace them with highly
soluble, nontoxic ions. Due to regeneration and rinsing requirements, the ion exchange
process is a process that would result in waste materials, which would require further
handling and treatment. Ion exchange may be an appropriate process option for arsenic
and selenium in conjunction with other processes.

Demineralization - Reverse Osmosis. Reverse osmosis is a physical treatment process in
which pressurized water passes through a semipermeable membrane. The applied pressure
to the waste stream is greater than the osmotic pressure of the feedwater. As water passes
through the membrane, dissolved constituents in the water are concentrated on the feed
side of the membrane to form the waste brine and a purer, more dilute product water is
formed on the permeate side of the membrane. The waste brine may be as much as 15 per
cent to 25 per cent of the total feedwater flow, and it requires further handling and
treatment. Reverse osmosis may be an applicable process for arsenic, selenium, and
sulfate. '

Demineralization - Electrodialvsis. Electrodialysis is a very effective membrane process
that employs an electric field as the driving force for separating a liquid influent into a
concentrated stream and a depleted ("clean") stream. Thus, cation exchange membranes
permit only negatively charged ions to pass. Electrodialysis is typically used for low flow
rate and high contaminant concentration wastewater treatment applications. In addition,
electrodialysis has not been demonstrated for arsenic or selenium. Therefore,
electrodialysis is not considered an appropriate process option for the FMC Subarea.
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Chemical. Chemical treatment involves processes where the constituents of potential concern
are altered or precipitated from solution. Most chemical treatment methods have a smaller waste
stream that requires further treatment and disposal. Chemical treatment methods include solvent
extraction, chemical precipitation, and oxidation/reduction.

Solvent Extraction. Solvent extraction is the separation of constituents from a liquid by
contact with another immiscible liquid. Solvent extraction is effective on organic
constituents, but is not an effective treatment method for metals removal. Therefore,
solvent extraction is not an appropriate process option for the FMC Subarea.

Chemical Precipitation. Chemical precipitation is a treatment method in which dissolved
metal ions and/or dissolved salts are precipitated in the form of insoluble salts.
Precipitation is caused by addition of chemicals to reach chemical saturation and/or vary
the pH. The insoluble salts may be removed from the water by sedimentation, coagulation,
and/or flocculation. Precipitation is not considered an applicable process option for sulfate
removal, but it is considered applicable for removal of arsenic and selenium in conjunction
with other technologies.

Oxidation/Reduction. Chemical oxidation and reduction, such as ozonation, chlorination,
hydrogen peroxide, and ultraviolet light in combination, use agents which raise the
oxidation states of constituents of concern and oxidize them. Oxidation/reduction
reactions have been demonstrated as a stand-alone process for treatment of organics. In the
case of inorganics, such as arsenic and selenium, oxidation/reduction may improve the
separation characteristics for use with other technologies.

Biological.

Biodegradation. Biological treatment involves the degradation of constituents of concern
by microorganisms. For example, microbial activities can transform organic components
to intermediate products and basic constituents (e.g., carbon dioxide and water), thus
reducing concentrations of biodegradable organic compounds. Biological treatment is
typically considered for removal of organic materials. Biological treatment is not
considered effective for arsenic, selenium, and sulfate. Therefore, biodegredation is not an
appropriate process option for the FMC Subarea, Anaerobic biological treatment to reduce
selenium to a separable form is still under development.

Thermal.

Evaporation - Mechanical Evaporation. Mechanical evaporation is a process in which
water is heated to the boiling point The water vapor is condensed to form condensate
(distilled water), which is the product. The constituents of concern, such as arsenic,
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selenium, and sulfate, are concentrated in the water brine as distilled water is made.
Mechanical evaporation may be an applicable process option for arsenic, selenium, and
sulfate in conjunction with other technologies.

Wet Air Oxidation. Wet air oxidation is a combustion process that occurs in the liquid
phase, by adding air at high pressure and elevated temperatures. The products of the
reaction are water, nitrogen compounds, carbon dioxide, and an oxidized liquid stream.
While the process is effective at destroying organic compounds, it is not considered
effective for inorganics, such as arsenic, selenium, and sulfate. Therefore, wet air
oxidation is not an appropriate process option for the FMC Subarea.

4.2.2.7 In-Situ Treatment

In-situ treatment technologies are designed to remediate groundwater without extracting the
water.

Physical/Chemical.

Chemical Injection. Chemical agents are directly injected into the impacted region of the
aquifer to treat the groundwater. The injected chemical agent interacts with the
constituents in the groundwater plume to neutralize, precipitate, immobilize, fixate, or
destroy the constituents of concern.

General limitations of this technology include the possibility of displacing chemicals to
adjacent areas due to the added volume of chemical solution, and production of hazardous
compounds by reaction of injected chemicals with constituents other than the treatment
target

Biological

Biodegradation. In-situ biological treatment of groundwater uses the same principles as
ex-situ biological treatment It consists of enhancing the biological degradation of organic
constituents by microorganisms. In-situ biological treatment is not considered effective for
arsenic, selenium, and sulfate; the constituents of potential concern; therefore, this
technology is not appropriate for the FMC Subarea.

Technologies Retained for Further Screening

The potentially applicable technologies for groundwater that are retained for further screening
are shown hi Figure 4.2-2.
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Section 4 General Response Actions, Remedial Technologies, and Process Options Identification

4.3 AIR

The FMC plant is an active operating facility with air emissions that are governed by applicable
permits and regulations. The air pathway monitoring and modeling studies indicate the areas of
concern within the FMC Subarea are fugitive paniculate emissions from a number of active
plant sources and polonium-210 emissions from the calciners.

Risks were estimated in excess of l.OE-06 for inhalation of cadmium, hexavalent chromium,
arsenic, and polonium-210 for both current and future site workers. Based on Remedial
Investigation monitoring and modeling results the primary sources of these constituents of
potential concern are the ongoing permitted emissions from both the FMC facility and the
Simplot Don Plant. With regard to future workers, the Baseline Risk Assessment made the
assumption that future emissions would be the same as current emissions even though operations
would cease.

Based on the Remedial Investigation and Baseline Risk Assessment findings the following RAO
for air within the FMC Subarea was developed in Section 3.3 for both current and future site
workers:

Prevent the inhalation of cadmium, hexavalent chromium, arsenic, and
polonium-210 at levels which would result in an ICR in excess of the IxlO^5

to IxlO"4 range.

In the BRA, risks to current site workers within the FMC Subarea associated with the air
pathway were indicated to range from 5.96E-06 to 1.79E-06 for chemical carcinogens and
2.04E-05 to 6.11E-06 for radiological carcinogens. These risk levels are within the l.OE-06 to
l.OE-04 target incremental risk levels discussed in the NCP.

Air emissions from active FMC plant sources are regulated under the SIP and other conditions
and regulations as set forth in the Clean Air Act, 42USC§7401 et seq. Fugitive emissions are
addressed under the State Implementation Plan (SIP), and calciner emissions are regulated under
the National Emission Standards for Hazardous Air Pollutants (NESHAPS). FMC and the
Shoshone-Bannock Tribes entered into an air quality agreement on May 23, 1995, that also
provides for regulation of these emissions. Additionally, the 1990 amendments to the CAA
identify a list of 189 hazardous air pollutants (HAPs). EPA is in the process of developing
Maximum Achievable Control Technology (MACT) standards for all "major" and "area"
sources.
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4.3.1 General Response Actions

General Response Actions for air identified in the Candidate Technologies Memorandum were:

No Action
Institutional Controls
Containment
Collection

Based on the RAO presented above and the findings of the Remedial Investigation and the
Baseline Risk Assessment, the General Response Action of Collection is eliminated from further
consideration in the feasibility study for the FMC Subarea.

As discussed in Section 2.3, significant modifications to FMC operations have occurred since the
effective date of the AOC, which was signed on May 30, 1991. The most significant changes
which have occurred at the FMC facility that affect the air pathway include:

• The John Zink scrubbers were placed in service in December 1991 in accordance with EPA's
radionuclide NESHAPS control technology requirements.

• Since August 1993, FMC has paved approximately 5 miles (8 km) of formerly unpaved
roadways. In addition, approximately 200,000 ft2 (18,580 m2) of formerly unpaved non-
roadway plant areas have been paved.

• Coke unloading was enclosed to control fugitive dust. Dust from this operation is collected
and recycled to the process. This modification was placed in service in May 1995.

• Dust removed from baghouses during maintenance outages and previously landfilled is now
recycled to the process. This change was effective in July 1995.

• In August 1993, ventilation and dust collection for ore screening and crushing was improved
sufficiently that the requirement for respirators to be worn in the area was eliminated.

• Furnace tap hoods were modified for chill pits areas to improve collection of emissions from
slag and ferrophos tapping. These modifications were completed in phases from 1992 to
1995.

Based on these and other actions since the beginning of the Remedial Investigation, the
following General Response Action is added:

No Further Action
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Technologies and process options corresponding to the above GRAs that may be potentially
applicable for remediation of air within the FMC Subarea are shown in Table 4.3-1. Although
the No Action and No Further Action alternatives are identified in this analysis, in addition to
the above actions to control air emissions during the period of the Remedial Investigation, future
regulatory actions and process modifications are also expected to continue to reduce facility air
emissions.

The General Response Actions carried forward for further evaluation for air in the FMC Subarea
are:

No Action
No Further Action
Institutional Controls
Containment

The No Action GRA is retained for evaluation, as required by the NCP. No Further Action may
be appropriate since air emissions from the FMC facility are regulated by the Clean Air Act and
also because risk associated with FMC sources of constituents of potential concern are within the
l.OE-06 to l.OE-04 target incremental risk levels discussed in the NCP. Institutional Controls,
such as deed restrictions, fencing, security controls, site industrial hygiene practices, site work
rules, and site industrial practices may also be appropriate. Containment may also be
appropriate for inactive areas where byproducts and wastes have been stored in the past (e.g. the
old phossy waste ponds).

4.3.2 Potentially Applicable Technologies

Technologies and process options corresponding to the above GRAs that may be potentially
applicable for remediation of air within the FMC Subarea are shown in Table 4.3-2, and
discussed in Section 5.2.3 or in the descriptions of remedial alternatives in Section 6.3, as
appropriate.
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Section 5

Screening of Remedial Technologies

In this section, the potentially applicable remedial technologies and process options identified in
Section 4 are screened in accordance with procedures described in the RI/FS Guidance (EPA,
1988). The remedial technologies are screened to address the various human health and
environmental impacts identified for the FMC Subarea based on their:

• Effectiveness,

• Implementability, and

• Cost.

Where appropriate, the screening not only considers the environmental media within the FMC
Subarea, but also addresses specific sources and the ability of a remedial technology to address
the source. The reasons for eliminating any technology are specified. The objective of this
screening step is to assemble a subset of technically feasible process options from the larger
universe of available remedial technologies identified in Section 4. The remedial technologies and
process options which survive the screening steps are then assembled into comprehensive
remedial alternatives for the FMC Subarea. In this manner, the process leading to the
development of remedial alternatives is streamlined by reducing the number of processes requiring
further evaluation to the most promising group.
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FMC Subarea Section 5 Screening of Remedial Technologies

5.1 SCREENING METHODS

General Response Actions (GRAs), technology types, and process options were identified in
Section 4 for soils and groundwater. Where appropriate, specific sources of constituents were
also identified. The GRAs, technology types, and process options reviewed included all those
from the Identification of Candidate Technologies Memorandum (Bechtel, 1993) with additions
and deletions based on the findings of the RI and the BRA. Technology types and process
options are screened in two steps: initial screening, which eliminates technology types and
process options that have no possibility of implementation for the FMC Subarea, and final
screening which evaluates each option on three criteria: (1) its effectiveness relative to other
processes within the same technology type, (2) the technical and administrative feasibility of
implementing a technology process, and (3) costs relative to other process options in the same
technology type.

5.1.1 Initial Screening

The resulting process options are screened in this initial screening step on the basis of their
technical implementability. Those process options and technology types that have no possibility
of implementation are eliminated from further consideration. Those technologies and process
options that are retained after this initial screening are subsequently subjected to the final
technology screening step, which is discussed in Section 5.1.2.

In accordance with the Guidance for Conducting Remedial Investigations and Feasibility Studies
under CERCLA (EPA, 1988), the technical implementability of process options is judged during
initial screening by the following factors:

• Applicability to the specific surface and subsurface conditions at the site;

• Applicability to the inorganic constituents that predominate at the site; and

• Applicability to soil or groundwater at the concentrations of constituents present.

The initial screening of technologies is based on the site characterization data gathered during the
RI and discussed in Section 2. Physical site characteristics that may affect the implementability of
process options include, but are not limited to, the following:

• Material volumes

• Subsurface conditions

• Current and future site improvements and developments

• Surface topography
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• Current and future land usage

Process options that are not implementable due to site-specific conditions are discussed in
Section 4 and are eliminated from further consideration. Process options that are not applicable
to, or may be incompatible with, the range of concentrations of constituents present in the
FMC Subarea are also eliminated from further consideration. In addition, several technologies
and process options contained in the Identification of Candidate Technologies Memorandum are
applicable only to organic constituents. Since the constituents of potential concern at the site are
inorganic, several technologies and process options were eliminated. These issues are discussed
in Section 4.

5.1.2 Final Screening

The technologies and process options that pass the initial screening test are subjected to more
rigorous evaluation during the final screening process. In accordance with the RI/FS guidance,
medium-specific and subarea-specific technologies and process options were evaluated during
final screening on their anticipated effectiveness, potential implementability, and order of
magnitude estimates of cost. Process options for each technology are screened relative to each
other on the basis of the criteria of effectiveness, implementability, and cost.

The goal of this screening step is to further reduce the universe of remaining process options to a
subset consisting of only the most viable for the development of remedial alternatives for each
environmental medium within the FMC Subarea. Consistent with the development of the RAOs,
GRAs, and the initial technology screening, final screening is conducted for technologies
applicable to constituents and media within the FMC Subarea.

A discussion of the effectiveness, implementability, and cost of those process options that are
eliminated from further consideration are presented in Sections 5.2.1.1 and 5.2.2.1. Retained
technologies and process options are discussed in Sections 5.2.1.2 and 5.2.2.2. Technology
evaluation flow sheets that provide a comparison of retained and eliminated technology options
for the FMC Subarea are presented in tabular form. Evaluations of retained process options are
presented in Section 6 of this report.

Effectiveness Evaluation

The primary measure of effectiveness used in the screening evaluation is the degree to which a
process option would contribute to achievement of the RAOs for the FMC Subarea and also for
the entire site. Other effectiveness criteria specified by the FS guidance include:

• The capacity to handle the estimated areas or volumes of media to be remediated;
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• Potential impacts to human health and the environment during the construction and
implementation phase; and

• The demonstrated reliability with respect to the constituents and conditions at the site.

Process options were also evaluated on the basis of effectiveness relative to other processes
within the same technology type.

Implementability Evaluation

Inapplicable and technically infeasible process options are eliminated from further consideration
during the initial screening process. The technical and administrative feasibility of implementing
remaining technologies or process options is further considered during this final evaluation. Some
of the administrative and technical aspects of a technology's implementability considered during
this screening step included the following:

• Anticipated community acceptance;

• The ability to obtain permits for offsite actions;

• Availability of treatment, storage, and disposal services;

• The availability of resources to implement the technology; and

• Consistency with permits and other regulatory requirements applicable to
on-going plant operations.

An additional consideration is the consistency of the technology or process option with the on-
going manufacturing processes and operations at the FMC plant.

Cost Evaluation

The cost analysis is performed on the basis of information contained in EPA guidance documents,
experience in costing similar projects, independent estimates, and engineering judgment. The
costs of implementing process options relative to other options in the same technology type were
estimated as either high, moderate, or low. Where applicable, the volume/area estimates
contained in Section 4 were considered in estimating the anticipated costs of each process option.
In accordance with the RI/FS guidance, those process options providing similar effectiveness at
significantly higher relative costs were eliminated from further consideration at this screening
level.
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5.2 TECHNOLOGY SCREENING - FMC SUBAREA

Potentially applicable technologies for the soils and solids and groundwater pathways in the FMC
Subarea were identified in Sections 4.1 and 4.2, respectively. In Section 5.2, the technologies are
further screened for effectiveness, implementability, and relative cost by the criteria described
above. General response actions, technologies, and process options retained as a result of this
screening process will be further evaluated in Section 6 and combined into site-wide alternatives.

5.2.1 Soils and Solids

Potentially applicable remedial technologies and the process options that comprise these
technologies have been evaluated for the soils and solids at the FMC Subarea. Table 5.2-1
provides a summary of the effectiveness, implementability, and cost evaluations for process
options eliminated from further consideration for soils and solids by this screening.

5.2.1.1 Technologies Eliminated from Further Consideration

A number of technologies and process options on the original list of possible alternatives were
eliminated from further consideration in Section 4, on the basis of site conditions and the
constituents of potential concern identified in the remedial investigations. The following are
descriptions of the technologies that have been eliminated from further consideration for some or
all areas of the FMC Subarea on the basis of the next screening level The reasons for eliminating
the technologies and process options are provided, and where this elimination is limited to certain
areas within the FMC Subarea, the areas excluded are also indicated.

Containment

Capping.

For the FMC Subarea, the areas that may be appropriate for the application of capping
technologies are areas of former unlined ponds, primarily in the southwestern portion of
the facilities, and the dried calciner pond solids storage area in the southeastern portion of
the facility. Most of the former ponds have been inactive for more than 10 years, and
many have been out of service for more than 25 years. These inactive ponds were dried
and then covered. The calciner pond solids were excavated from the former calciner ponds
and from the excavation for the new solar pond solids drying area. Soil cover has been
placed over these stored pond solids and excavated soils. Data presented in Section 2.3.2
do not indicate the former pond areas or the stored calciner pond solids are actively
contributing or, in the future are likely to contribute, significant quantities of constituents
of potential concern to the groundwater. Also, soils data presented in Section 2.3.1
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TABLE 5.2-1

Screening of Remedial Technologies - Soils and Solids
Technologies Not Retained

QH!K
Oeosynthetic cap

Concrete cap

UHMOVAiyDlSPOSAL

Removal

Excavation

Dredging

Pumping

NX -SITU TREATMENT

Physical Process

Stabilization/Fixation

^m^^^mrmimMim

Effective for reducing direct
exposure and ingestion of solids,
reducing risks to workers. Reduces
mobility of constituents.

Effective for reducing direct
exposure and ingestion of solids,
reducing risks to workers. Reduces
mobility of constituents. . Would
reduce potential exposure to
external gamma radiation; may
reduce radon emissions.

Effective for reducing long-term
on-site risks by reducing volume of
constituents of concern.

Effective for reducing long-term
on-site risks by reducing volume of
constituents of concern.

Effective for reducing long-term
on-site risks by reducing volume of
constituents of concern.

:;;:|:;:;:;:':''o:;:::|: •:-|:::x..: :::;. iv:;:.1: ::::.::: '$$$$&$££ ' ;::':':':::'::' : ' • ' • : :-:v:::::::::::$:::::::'-:::::-:

Effective for reducing long-term
on-site risks by reducing mobility
and possibly toxicity of
constituents.

. . . •- - • • • - /•:

More complex than other types of
caps; several layers required; some
sealing of seams in the
geosynthetic may be required.

Straightforward.

In area of old phossy waste ponds,
significant short-term health and
safety risks from P4 and PH3.

Not appropriate for areas being
considered for remediation.

Not appropriate for areas being
considered for remediation; would
require addition of water.

,: . . . ' ; . : ' " " . ' . ' .

Straightforward except in areas
containing elemental phosphorus.
In area of old phossy waste ponds,
significant short-term health and
safety risks from P4 and Pfy.

Moderate capital, low
O&M.

Moderate to high
capital, low O&M.

Low to moderately
high capital, low
O&M.

Low capital, low
O&M.

Low capital, low
O&M.

Moderate capital, low
O&M.

:::Ri!«^Ar,g;v!i::.!:::::g

Same as above.

Applicable to smaller areas, not appropriate for
areas being considered within the FMC Subarea.

High short-term risks and related increased costs
for mitigation of these risks; retained for areas of
the site other than old phossy waste ponds.

Not appropriate for areas being considered for
remediation.

Increased short-term risks (potential for migration
of constituents of concern due to addition of
water). Not appropriate for areas being considered
for remediation.

'

High short-term risks and related increased costs
for mitigation of these risks; retained for areas of
the site other than old phossy waste ponds.
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TABLE 5.2-1 (Continued)
Screening of Remedial Technologies - Soils and Solids

Technologies Not Retained

iN-srru TRBAIMENT:
Physical Process

Stabilization/Fixation

Biological

Phytoremediation

Effective for reducing long-term
on-site risks by reducing mobility
of constituents.

Emerging technology; shows
promise for remediation of
organics; may also be effective for
metals.

Can be difficult in materials
containing large cobbles and
boulders, or debris. In area of old
phossy waste ponds, significant
short-term health and safety risks
from P4 and PH3.

Not shown to be effective for
radionuclides; must dispose of
harvested vegetation.

Moderate to
moderately high
capital, low O&M.

Would require pilot
study to evaluate
effectiveness at site.

In old phossy waste pond areas, high short-term
risks and related increased costs for mitigation of
these risks; in other areas cost about the same as
ex-situ. Ex-situ easier to implement, and to verify
effectiveness.

Many unknowns related to application at site; high
soil pH may reduce effectiveness shown in pilot
programs; not effective for radionuclides.
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indicate that constituents of potential concern are not moving laterally in the vadose zone
in either the former ponds area or in the calciner pond solids storage area. Therefore,
natural infiltration does not appear to be a significant factor for mobilization of
constituents from soils or solids within the FMC Subarea.

Based on the data obtained during the RI, a less rigorous option (grading and drainage
control) could provide sufficient protection from infiltration and would reduce potential
exposure to external radiation.

Geosvnthetic Cap. Geosynthetic caps are effective at reducing infiltration, and are
moderate in cost As with the mixed cap, they require bedding, filter, and cover layers to
protect the impermeable geosynthetic materials. For the reasons described above, a
geosynthetic cap is considered as a variation of a mixed cap for the former ponds within
the FMC Subarea. Therefore, the geosynthetic cap option is eliminated from further
consideration.

Concrete Cap. A concrete cap is a high cost capping option, relatively easy to construct,
but requires some special features, such as water stops in joints, to be fully effective as an
impermeable cover. Due to their high cost, concrete caps are generally only used for small
areas, especially areas where heavy vehicle traffic is a potential threat to the integrity of the
cap. Neither of these conditions exist within the FMC Subarea, and the concrete cap
option is therefore eliminated from further consideration.

Removal/Disposal

Removal.

Excavation. The two areas where the excavation option would apply are the former, now
covered, phossy wastewater ponds (approximately 50 acres) in the central and
southwestern portions of the site, and the calciner pond solids storage area (about 5 acres)
in the southeastern portion of the site (Figure 2.2-1).

In the area of the former phossy wastewater ponds, elemental phosphorus (P4) is known to
be present in the pond solids. If these materials were to be excavated, the elemental
phosphorus would burn when exposed to air, and phosphorus pentoxide (P2O5) would be
released into the atmosphere. Additionally, highly toxic phosphine gas (Piy is likely to
be present, and would be released if these materials are disturbed. Excavation of these
materials would, therefore, result in significant short-term health and safety risks in terms
of potential exposure to burning phosphorus and atmospheric releases. Mitigation of these
potential risks would add significantly to the cost of implementation of the technology. On
the basis of the high short-term risks related to implementation of this technology and the
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relatively low risk currently associated with these wastes, this option has been eliminated
from further consideration for the former phossy wastewater ponds area.

In the area of the stored calciner pond solids, short-term risks would be much lower, and
no special hazards are related to excavation of these materials. The data presented in
Section 2.3.1 indicate that these materials are covered with soil and pose little risk at the
FMC facility; however, this technology is retained for further evaluation for the stored
calciner pond solids.

Dredging. The dredging option is not appropriate for the materials of concern at the FMC
Subarea. While dry materials could be dredged, excavation by other methods is more cost-
effective. The use of dredging in areas of the former ponds known to contain elemental
phosphorus is not appropriate. Elemental phosphorus would burn when exposed to air, and
phosphorus pentoxide (P2O5) would be released into the atmosphere. Additionally, highly
toxic phosphine gas (PHj) is likely to be present, and would be released if these materials
are disturbed. Dredging of these materials would, therefore, result in significant short-term
health and safety risks in terms of potential exposure to burning phosphorus and
atmospheric releases. Mitigation of these potential risks would add significantly to the cost
of implementation of the technology. On the basis of the high short-term risks related to
implementation of this technology and the relatively low risk currently associated with
these wastes, this option has been eliminated from further consideration.

Pumping. Pumping of wastes in slurry form is an alternative for excavation of materials
containing elemental phosphorus. To apply this technology to stored wastes present at the
site, it would be necessary to add water to create a slurry of the waste material. The
introduction of water into the wastes could significantly increase the mobility of some of
the constituents of potential concern in the wastes in these unlined ponds, potentially
causing them to be released into the groundwater. The process of mixing the wastes with
the water could create significant short-term risks from the potential release of highly toxic
phosphine gas (PHy, and possible burning of some of the elemental phosphorus
encountered during the mixing process. The material would have to be dewatered for
either treatment or storage, with the potential for the elemental phosphorus being exposed
to air and burning, creating a safety hazard and releasing P2O5 into the atmosphere. The
water used to slurry the wastes would be recovered and would also require treatment and
disposal. This technology option has been eliminated from further consideration due to the
short-term health and safety risks, risk of release of constituents of potential concern to the
groundwater, costs associated with equipment, mixing, pumping, and treatment of the
water used in the process, and the relatively low risk currently associated with these
wastes.

FS/fmcfs5.doc 5-11 June 1996



Section 5 Screening of Remedial Technologies FMC Subarea

Ex-situ Treatment

Excavation and removal of the soils and source materials in the area of the former phossy waste
ponds has been eliminated from further consideration due to short-term health and safety
considerations, implementability issues related to the health and safety issues, and cost.
Therefore, ex-situ treatment evaluations relate only to the former calciner pond solids storage
area.

Physical.

Stabilization/fixation. Stabilization/fixation is not appropriate for materials containing
elemental phosphorus. Laboratory testing of materials used for stabilization/fixation as
part of the evaluation of pond closure options indicate that these materials react to form
phosphine gas (PEL;) when added to solids containing P4. The presence of phosphine gas
would significantly increase the short-term health and safety risks during implementation
of the technology. This technology is therefore not retained for further evaluation for the
solids and soils in the area of the former phossy wastewater ponds.

In-situ Treatment

Stabilization/fixation. Stabilization/fixation is not appropriate for materials containing
elemental phosphorus. Laboratory testing of materials used for stabilization/fixation as
part of the evaluation of pond closure options indicate that these materials react to form
phosphine gas (PBL,) when added to solids containing P4. The presence of phosphine gas
would significantly increase the short-term health and safety risks during implementation
of the technology. This technology is therefore not appropriate in the area of the former
phossy wastewater ponds.

For the size and depth of the areas to be remediated, the cost of in-situ stabilization is
nearly the same as it is for ex-situ stabilization. There is less uncertainty related to the
completeness of treatment for the ex-situ option; therefore, because greater reliability can
be achieved for similar cost through ex-situ treatment, this technology option is eliminated
from further consideration for the FMC Subarea,

Biological.

Phvtoremediation. Phytoremediation involves the accumulation of constituents of
potential concern in plant biomass. Specific plant types would be grown in affected soils
to achieve accumulation of the constituents of potential concern. The plants would then
have to be harvested and disposed of either in an appropriate onsite storage facility or
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offsite in a solid waste landfill. The cropping cycles would be repeated until the
concentrations of the constituents of potential concern are below acceptable levels in the
area being treated. Phytoremediation has been used primarily for removal of organics
from soils, and is still considered an emerging technology.

Within the FMC Subarea, surface soils are below RBC concentration levels for worker
exposure except in areas where feedstock, byproducts, and wastes have been stored. In the
areas where worker exposure RBCs are exceeded, phytoremediation does not appear to be
an appropriate alternative; the ability of the materials present in these areas to sustain
sufficient vegetation to effectively remediate the soils is questionable. The value of this
alternative would be to achieve a reduction in external radiation exposure. Available
literature on the use of plants to accumulate metals and radionuclides indicate that little
success has been achieved in accumulating radionuclides even in very carefully controlled
environments, with somewhat better success for various other metals.

Where natural soils are present, the alkaline, calcareous nature of these soils have been
shown to significantly reduce the uptake of constituents of potential concern into plants.
Therefore, based on the low expected effectiveness of this alternative, and the lack of
available information on its successful application under similar conditions at other sites,
this option is eliminated from further consideration.
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NO ACTION

TABLE 5.2-2
Screening of Remedial Technologies - Soils and Solids

Technologies Retained

No action

No further action

Acceptable for constituents that Not applicable.
meet ARARs and risk management
objectives.

None.

Acceptable for constituents that Not applicable
meet ARARs and risk management
objectives.

None

Access Restrictions

Fencing

Deed restrictions

Effective for prevention of contact Straightforward,
with all constituents of concern in
soil, reducing direct exposure risks.

Effective for prevention of contact Straightforward,
with all constituents of concern in
soil, reducing direct exposure risks.

Low capital, low Fencing is already in place. Restricts access by
O&M. general public and animals.

Low capital, no The deed restrictions are already in place.
O&M. Restricts land use to industrial/commercial use.

Capping

Mixed cap

Clay/native soil cap

Effective for reducing direct
exposure and ingestion of solids,
reducing risks to workers. Reduces
mobility of constituents. Would
reduce potential exposure to
external gamma radiation; may
reduce radon emissions.

Effective in reducing infiltration to
groundwater. Applicable to old
pond areas and calciner pond
sediment storage area. Would
reduce exposure to external gamma
radiation; may reduce radon
emissions.

More complex than other types of
caps; several layers required; some
sealing of seams in materials may
be required.

Moderate capital, low
O&M.

Effective for reducing groundwater infiltration.

Straightforward, difficult to install
on steep slopes. Clay not locally
available; may want to consider
native soil enhanced with bentonite.

Use of native soil low
capital, low O&M.

Effective for reducing groundwater infiltration.
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TABLE 5.2-2 (Continued)
Screening of Remedial Technologies - Soils and Solids

Technologies Retained

PROCESS OPTION j 1 | • Jjj j| EFFECTIVENESS , . : j JH . | jj j

CONTAINMENT

Asphaltic concrete cap Effective in reducing infiltration to
groundwater. Applicable to high
traffic areas. Would reduce
exposure to external gamma
radiation; may reduce radon
emissions.

Surface Control

Soil grading Effective for reducing infiltration
in arid areas.

Vegetation Effective in reducing infiltration
and erosion.

RJEMOVAli;:!« \ :' " :- \ :- i ' • " • . y|| : ; ' ;; J |f " ' • '% If! IP 1 Ifff! |PJ ^ : I U

Excavation Effective in removing soils and
solids in any of the areas being
considered.

DISPOSAI/: : . w^mjiim jm iMiii|l|i|fe
On-site disposal Effective in reducing risk of some

sources by reducing mobility of
constituents of concern.

m-Sim^mBpNIgNf : y y :. .

£bri0ri Process-

Stabilization/Fixation Effective for reducing long-term
on-site risks by reducing mobility
of constituents.

jMPi,EMt5^»nyitY:--:::!-::::-- •

Straightforward.

Straightforward.

Straightforward.

Straightforward in areas without
elemental phosphorus present. Not
retained for old phossy waste ponds
area due to safety concerns related
to the presence of P4 and PHs.

Requires appropriately designed
disposal facility and location.

Straightforward in areas without
elemental phosphorus present. Not
retained for old phossy waste ponds
area due to safety concerns related
to the presence of P4 and PHs.

:. .V'-'Ae'r :':" '•• • . : :: : '« . • : • • '

Low to moderate
capital, low to
moderate O&M.

Low capital, low
O&M.

Low capital, low
O&M.

Moderate capital, low
O&M.

Moderately high
capital, low to
moderate O&M

Moderate capital, low
O&M.

: RATIONALE | W-

Effective in reducing groundwater infiltration.

Effective for reducing groundwater infiltration in
arid areas.

Effective for reducing groundwater infiltration in
arid areas.

Excavation not retained for areas of old phossy
waste ponds due to the presence of P4 and PH3.
Retained for soils/solids which do not contain P4.

Site has a number of existing Waste Management
Units.

Excavation not retained for areas of old phossy
waste ponds due to the presence of P4 and PH3.
Retained for soils/solids which do not contain P4.
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TABLE 5.2-2 (Continued)
Screening of Remedial Technologies - Soils and Solids

Technologies Retained

Chemical

Oxidation/reduction

Hydrolysis

Moderately effective for slurries Moderately difficult.
and sludges containing organics
and inorganics. Effective for
fixation of some metals such as
arsenic into insoluble form that will
pass TCLP.

Effective for fixation of some Moderately difficult,
metals such as zinc and lead into an
insoluble form that will pass TCLP.

Moderate capital, high This is a known method for fixation of some metals
O&M. (e.g., arsenic) into an insoluble form that will pass

TCLP.

Moderate capital, high This is a known method for fixation of some metals
O&M. (e.g., zinc, lead) into an insoluble form that will

pass TCLP.

FS/I52J _2.doc June 1996



FMC Subarea . Section 5 Screening of Remedial Technologies

5.2.1.2 Technologies Retained for Further Consideration

Those technologies and process options retained for further analysis and development of site-wide
alternatives provided in Section 6 are shown in Table 5.2-2.

No Action

The No Action option has been described in Section 4.1.3.1. The No Action option is retained as
the base case for comparison purposes. Although the no action option is intended to represent
the conditions which existed at the time the remedial investigations were conducted, that is not
possible for the FMC Subarea. Because the FMC plant is an operating facility, a number of
changes were made during the remedial investigations and additional changes have been made
since the field investigations were completed; therefore, a no further action alternative is also
included as an option.

No Further Action

The No Further Action option considers those actions which have been taken at the site since the
AOC was signed. As discussed in Section 2.3, changes which affect site soils include:

• Dewatering of the slag pit sump in March 1991.

• Placing the John Zink scrubbers in service in December 1991, to comply with EPA's
radionuclide NESHAPS control technology requirements.

• Covering and dewatering Pond 8S, a formerly utilized unlined pond, in the summer of
1994.

• Lining the railroad swale, an area which currently receives storm water runoff from the
operating facilities areas of the plant, over most of its length.

• Placing new Pond 16S, a RCRA waste management unit built to meet minimum
technology requirements, in service in 1993.

. • Using Ponds 8E and 9E to manage only non-hazardous precipitator slurry.

• Paving approximately 5 miles (8 km)s of formerly unpaved roadways since August
1993. In addition, approximately 200,000 square feet of formerly unpaved non-
roadway plant areas have been paved.

• Constructing and placing in operation a new lined calciner pond solids solar drying
area in 1993.

• Initiating a new system for precipitator slurry, using lime precipitation. This will
assure that the precipitator slurry remains non-hazardous. This system has been
applied to all four furnaces, and work continues to optimize the process parameters.
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Institutional Controls

Access Restrictions. Access restrictions, which include fencing and deed restrictions, were
described in Section 4.1.3.2.

Fencing. The fencing option restricts access to the FMC Subarea. Because the FMC plant
is an operating facility, perimeter fencing and security controls are already in place. By
limiting access to the plant area, fencing contributes to the reduction of risk by reducing
the potential for exposure through direct contact with constituents of potential concern; it
does not reduce the toxicity, mobility, or volume of the constituents. Short-term and long-
term effectiveness are essentially the same. Cost of this technology is low.

Deed Restrictions. The land use/deed restriction option is already in place for the FMC
Subarea. Deed restrictions for the FMC Subarea limit the current and future use of the
properties to industrial or commercial applications. By limiting the use of the property,
risks are limited to future workers and the risk to the general population is substantially
reduced.

Containment

Capping. As discussed in Section 4, there are a number of applicable capping options, and they
are discussed below. Capping reduces mobility of constituents of potential concern, but does not
reduce toxicity or volume.

Clay Cap. Although clay is not readily available in the vicinity of the FMC Subarea, the
use of fine-grained native soils, possibly enhanced with the addition of bentonite or similar
material, may be a cost-effective technology for reducing potential for the ingestion of
soils and solids containing constituents of potential concern, and for providing sufficient
protection against surface water infiltration. A clay cap would also reduce potential
exposure to external radiation, and may reduce radon emissions. A clay or fine-grained
soil cap option is therefore retained for further evaluation.

Asphaltic Concrete Cap. Placement of an asphaltic concrete cap is a cost-effective
technology for reducing potential for the ingestion of soils and solids containing
constituents of potential concern, and effective for controlling infiltration, especially in
arid areas. An asphaltic concrete cap would also reduce potential exposure to external
radiation, and may reduce radon emissions. As with any other cap type, direct contact and
release to the atmosphere would also be prevented. The asphaltic concrete paving and cap
options are being retained as effective and low-cost methods of reducing potential for
ingestion of soils or solids containing constituents of potential concern, surface water
infiltration, and wind erosion control.
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Mixed Cap. The mixed cap option was described in Section 4.1.3.3. Mixed caps are the
most protective type of cap, and are more expensive than most other types of caps. They
are very effective for controlling infiltration, would reduce potential exposure to external
radiation, and may reduce radon emissions. They may also be designed to reduce the
overall cap thickness required to achieve a high degree of impermeability. Mixed caps are
more difficult to construct as they are built in a series of layers which include varied
materials, such as filters (natural or manufactured), membranes, and soil bedding and
covers. In the EMF Site area, precipitation is low (about 10 inches per year, and
evaporation rates are high, resulting in very little infiltration to areas not subject to
standing water. The need for a cap as protective as a mixed cap is questionable at the EMF
Site; however, the mixed cap alternative has been retained for further evaluation.

Surface Control

Soil Grading. Soil grading improves control of surface runoff from precipitation,
reducing infiltration in areas of concern. In arid areas, where evaporation rates are high
and precipitation is low, little infiltration may occur, and site grading may be a very
effective technology for reducing infiltration. Because the former ponds have already been
covered with slag and/or other fill, ingestion of soils and solids is not a consideration, and
grading may be an appropriate technology for these areas. The grading option is retained
as an effective and low-cost method of reducing groundwater infiltration.

Vegetation. Vegetative uptake of soil moisture can also be effective for reduction of
infiltration, especially in arid regions. The use of native vegetation is usually
recommended to reduce cover maintenance. This option would require a certain amount of
soil cover to allow for plant growth and root structures. The soil cover would prevent
ingestion of soils or solids containing constituents of potential concern. The vegetation
option is retained as a means of reducing groundwater infiltration.

Removal/Disposal

Removal.

Excavation. In the area of the stored calciner pond solids, no special hazards are related to
excavation of these materials. The data presented in Section 2.3.1 indicate that these
materials are covered with soil and pose little risk at the FMC facility; however, this
technology is retained for further evaluation for the stored calciner pond solids.

Disposal.

Onsite Disposal. The onsite disposal option has been retained for further evaluation in
conjunction with removal and ex-situ treatment options for the stored calciner pond solids.
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Recycle/Reuse.

The recycle/reuse options, both onsite and offsite have been described in Section 4.1.3.4. For
material containing phosphorus, these options have been rejected. Elemental phosphorus could
burn if exposed to air, and phosphorus pentoxide (PaOs) could be released into the atmosphere.
Additionally, highly toxic phosphine gas (PH3) may be present, and would be released when these
materials were disturbed. However, for the calciner fines or, calciner pond solids, these options
will be retained for further evaluation.

Ex-situ Treatment

Excavation and removal of the soils and source materials in the area of the former phossy waste
ponds has been eliminated from further consideration due to short-term health and safety
considerations, implementability issues related to the health and safety issues, and cost. Materials
containing elemental phosphorus are likely to release highly toxic phosphine gas (PH3) when
disturbed, and elemental phosphorus bums when it is exposed to air, producing P2Os. Therefore,
ex-situ treatment evaluations relate only to the former calciner pond solids storage area.

Physical,

Stabilization/fixation. The stabilization/fixation option has been described in Section
4.1.3.5. For materials not containing elemental phosphorus, such as the calciner pond
solids, the stabilization/fixation option will be retained for evaluation as a means of
reducing the mobility of the contaminants.

Chemical.

Oxidation-reduction. For materials not containing elemental phosphorus, such as the
calciner pond solids, the chemical oxidation-reduction option has been described in Section
4.1.3.5. The chemical oxidation-reduction option is being retained as it is a known method
for fixation of some metals (such as arsenic) into an insoluble form that will pass the
TCLP.

Hydrolysis. For materials not containing elemental phosphorus, such as the calciner pond
solids, the hydrolysis option has been described in Section 4.1.3.5. The hydrolysis option
is being retained as it is an effective method for fixation of some metals (such as zinc and
lead) into an insoluble form that will pass the TCLP.

A summary of potential exposure pathways, constituents of potential concern, and remedial action
objectives for soils and solids, with the retained general response actions, remedial technologies,
and process options are provided in Table 5.2-3.
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TABLE 5.2-3
FMC Subarea - Summary of Soils and Solids Technologies Retained for Further Analysis

Potential Exposure
Pathways

Constituents of
Potential Concern

Remedial Action Objectives General
Response Actions

Remedial
Technologies

Process Options Rationale

Current Site Workers;

External gamma
radiation

Incidental ingestion of
soils and solids

Future Site Workers:

External gamma
radiation

Incidental ingestion of
soils and solids

Inhalation of
radionuclides

Current Site Workers;

Radium-226

Arsenic, beryllium,
cadmium, fluoride,
zinc, lead-210,
polonium-210,
potassium-40,
uranium-238, and
radium-226

Future Site Workers;

Radium-226

Arsenic, beryllium,
cadmium, fluoride,
zinc, lead-210,
polonium-210,
potassium-40,
uranium-238, and
radium-226

Radon

Current Site Workers;

Prevent external exposure to radionuclides in soils at
levels that pose estimated excess risk above the range of
IxlO"6 to 1x10 ,̂ or site-specific background levels
where that is not practicable.
Uncertainties associated with exposure to gamma
radiation must be fully evaluated prior to establishing
PRGs for the soils/solids exposure pathway.

Prevent ingestion of soils containing radionuclides,
arsenic, beryllium, cadmium, fluoride, or zinc at levels
that pose an excess cancer risk above lxlO~s to IxlO'4 or
site-specific background levels where that is not
practicable.

Prevent release and migration of radionuclides or
chemicals that, under current conditions, may pose
unacceptable risk to humans. The remediation goals to
be used in the FS will begin by looking at the feasibility
of achieving the protective end of the risk range (IxlO"6

excess cancer risk) or site-specific background levels
where that is not practicable.

Future Site Workers;

Prevent ingestion, inhalation, direct contact, release or
migration of radionuclides or chemicals in source
materials that, in the event of closure of the FMC
facilities or changed future operating conditions would
pose an unacceptable risk to human health or have an
adverse effect on the environment.

No action

No further action

Institutional
controls

Containment

Removal/Disposal

Ex-situ treatment

No action

No further action

Access Restrictions

Capping

Surface control

Removal

Disposal

Recycle/Reuse

Physical

Chemical

Not applicable

Not applicable

Fencing

Deed restrictions

Mixed (multi-layer)

Clay/native soils

Asphaltic concrete

Soil grading

Vegetation

Excavation

On-site Disposal

On-site Disposal

Stabilization/Fixation

Oxidaton/Reduction

Hydrolysis

Baseline condition for comparison.

Many actions have been taken to reduce potential
risk at site since AOC was signed.
Fencing is already in place. Restricts access by
general public and animals.
Deed restrictions are already in place. Restricts
land use to commercial/industrial uses.

Effective for reducing groundwater infiltration,
prevents fugitive emissions. Moderate capital and
low O&M costs.

Effective for reducing groundwater infiltration,
prevents fugitive emissions. Low capital and
O&M costs.

Effective for reducing groundwater infiltration,
prevents fugitive emissions. Low to moderate
capital and O&M costs.

Effective for reducing groundwater infiltration in
arid areas. Low capital and O&M costs.

Effective for reducing groundwater infiltration and
erosion, reduces fugitive emissions. Low capital
and O&M costs.

Not retained for old phossy ponds areas where P4

is present. Moderate capital, low O&M costs.

Site has a number of existing waste management
units. Moderately high capital, low to moderate
O&M costs.

Could be incorporated in closure backfill for
existing waste management units. Moderate
capital and low O&M costs.

Not retained for old phossy ponds areas where P4

is present. Moderate capital, low O&M costs.

This is a known method for fixation of some metals
(e.g., arsenic) into an insoluble form that will pass
TCLP. Moderate capital and high O&M costs.

This is a known method for fixation of some metals
(e.g., arsenic) into an insoluble form that will pass
TCLP. Moderate capital and high O&M costs.
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5.2.2 Groundwater

This section summarizes the results of assembling and screening of remedial technologies for
groundwater. This screening criteria used for this level of screening are effectiveness,
implementability, and relative costs. Remedial technologies and process options have been
developed for treating ground water at the FMC Site. These remedial technologies and process
options have been evaluated in a two-step screening process. The first step assessed the
applicability of a particular remedial technology and process option. Each alternative/option was
evaluated based on physiographic, geologic, and hydrogeologic conditions at the site, and the
constituents of potential concern. Those remedial technologies and process options that are not
appropriate or applicable were rejected. Those remedial technologies and process options that are
potentially applicable to the site are further assessed in this section in terms of their effectiveness
in achieving the remedial action objectives, ease of implementation, relative capital costs, and
operation and maintenance (O&M) costs in order to determine whether those process option are
retained for further development and evaluation in Section 6.

5.2.2.1 Technologies Eliminated from Further Consideration

A summary of the processes eliminated from further consideration is shown in Table 5.2-4. Those
retained for further development in Section 6 are shown in Table 5.2-5.

Containment

Capping.

The capping options are described in Section 5.2.1.1, and the discussions are not repeated in this
section.

Subsurface Hydraulic Barriers.

Extraction Wells or Injection Wells. As described in Section 4 of this document,
groundwater flow from the southwestern portion of the FMC Subarea follows a flowpath
along the northern portion of the operating facility area. This flow is joined in the
northeastern portion of the subarea by flow from the central and eastern areas.
Additionally, groundwater leaving the northern boundary of the FMC Subarea (entering
the Offsite Subarea) meets MCLs. Therefore, subsurface barriers are not required to
control groundwater within the FMC Subarea. This technology is not evaluated further for
the FMC Subarea.
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Removal/Disposal

Discharge.

Surface. POTW. and Reinfection. These options have been described in Section 4.2.2.4.
These options are less desirable than the recycle/reuse option. Any option which
discharges the water without using it in plant operations requires that groundwater
pumping be increased over current levels; surface water discharge would require an
NPDES permit; discharge to a POTW would require a discharge permit; reinjection would
require wells and, depending on their location, could require a permit None of these
options are as favorable as recycling the water through the plant, thus reducing the amount
of makeup water required and reducing the pumping from the production wells.
Therefore, none of these options will be considered further, unless recycling does not
prove to be a feasible option.

Ex-situ Treatment

Physical.

Demineralization - Ion Exchange. The ion exchange option has been described in
Section 4.2.2.5. Ion exchange is more effective at higher concentrations than those present
in the groundwater anticipated to be treated from the proposed extraction well locations
within the FMC Subarea. While ion exchange may be an applicable process option for
arsenic and selenium with the appropriate pretreatment, the process will generate a brine
stream from the regeneration and rinsing requirements for the resins. The brine stream
may require additional treatment prior to disposal. Furthermore, ion exchange is more
expensive than other effective alternatives such as chemical precipitation, which produces
a solid waste stream containing low levels of the constituents of potential concern which
can be disposed in a landfill. Therefore, this option has been eliminated from further
consideration.

Demineralization - Reverse Osmosis. The reverse osmosis option has been described in
Section 4.2.2.5. While the reverse osmosis option is effective on arsenic, selenium, and
other inorganics such as sulfate, the process will generate a brine stream (estimated to be
about 10-15 percent of the flow to be treated at the FMC Subarea) from the regeneration
and rinsing requirements for the resins. The brine stream may require additional treatment
prior to disposal. Furthermore, reverse osmosis is more expensive than other effective
alternatives such as chemical precipitation, which produces a solid waste stream containing
low levels of the constituents of potential concern which could be disposed in a landfill.
Therefore, the reverse osmosis option has been eliminated from further consideration.
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TABLE 5.2-4
Screening of Remedial Technologies - Groundwater

Technologies Not Retained

Capping

Mixed Cap

Geosynthetic cap

Concrete cap

Subsurface Hydraulic Barriers

Extraction wells

Effective for reducing infiltration
of surface water through soils
containing constituents of concern.
Reduces mobility of constituents.

Effective for reducing infiltration
of surface water through soils
containing constituents of concern.
Reduces mobility of constituents.

Effective for reducing infiltration
of surface water through soils
containing constituents of concern.
Reduces mobility of constituents.

Effective for controlling mobility
of constituents of concern in
groundwater when used in
conjunction with appropriate
disposal option; may require
treatment prior to disposal.

More complex than other types of
caps; several layers required; some
sealing of seams in materials may
be required.

More complex than other types of
caps; several layers required; some
sealing of seams in the
geosynthetic may be required.

Straightforward.

Moderate
capital, low
O&M.

Moderate
capital, low
O&M.

Moderate to
high capital,
low O&M.

Straightforward. Requires Low to
installation of wells at appropriate moderate
locations and depths to control capital, low
groundwater flow. O&M

Although this is an effective method of
capping, it is more complex and costly
than is necessary for the conditions that
exist at the site. The constituents of
concern are already covered, and
infiltration is low.

Same as above.

Applicable to smaller areas, not
appropriate for areas being considered
within the FMC Subarea.

Groundwater flow pattern at the site
focuses the flow naturally; water leaving
the property meets MCLs. Hydraulic
barriers not required.
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TABLE 5.2-4 (Continued)
Screening of Remedial Technologies - Groundwater

Technologies Not Retained
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Subsurface Hvdraulic Barriers
(Continued)

Injection wells Less effective for controlling
mobility of constituents of concern
in groundwater than extraction
wells; difficult to predict flow
pathways.

Slurry or grout walls Effective for controlling mobility
of constituents of concern in
groundwater.

Straightforward. Requires water
supply and installation of wells at
appropriate locations and depths to
control groundwater flow.

Straightforward to difficult
depending on materials
encountered and depth required.

Low to
moderate
capital, low to
moderate O&M.

Moderate
capital, low
O&M.

Groundwater flow pattern at the site
focuses the flow naturally; water leaving
the property meets MCLs. Difficult to
predict/control flow pathways.

Groundwater flow pattern at the site
focuses the flow naturally; water leaving
the property meets MCLs. Hydraulic
barriers not required.

REMOVAL/DISPOSAL | | | ; . • • ' • • ' ̂ f V : ; : : : ; : .

Disposal

Surface water Effective for disposal of treated or
untreated groundwater.

POTW Effective for disposal of treated or
untreated groundwater.

Straightforward, but requires
permit; permit may require
treatment prior to disposal.

Moderate implementability.
Straightforward, but requires
permit; permit may require
treatment prior to disposal.

Low capital,
low O&M.

Low to
moderate
capital, low
O&M.

Groundwater leaving the northern
property boundary of the FMC Subarea
meets MCLs; if discharge is required,
other options are preferred
(recycle/reuse).

Groundwater leaving the northern
property boundary of the FMC Subarea
meets MCLs; if discharge is required,
other options are preferred
(recycle/reuse).
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TABLE 5.2-4 (Continued)
Screening of Remedial Technologies - Groundwater

Technologies Not Retained

;:FftbcKssx>raoN:;::::::;i;|||::
i^^ovAi^isposMtllllli
Disposal

Reinjection

fix-srru TRBATMHNT vl;:;
Physical-Demin eralization

Ion exchange

Reverse osmosis

Effective for disposal of treated or
untreated groundwater.

Effective for removal of some
constituents of concern, not for
others. Not effective for arsenic
removal.

Effective for removal of some
constituents of concern, not for
others. Effective for arsenic and
selenium removal.

-lifrf !>LE*fKNTABir My | : ; j! m

Low implementability. Difficult
due to geological conditions;
requires permit; permit may require
treatment prior to disposal.

Medium implementability.
Straightforward for low flows.

Medium implementability. May
require pretreatment.

^^mSiiiS

Moderate to
moderately high
capital, low to
moderate O&M.

High capital,
high O&M.

High capital,
high O&M.

: i RATION A* JE j |jj j m§mm Mm i;

Groundwater leaving the northern
property boundary of the FMC Subarea
meets MCLs; if discharge is required,
other options are preferred
(recycle/reuse). Difficult to
control/predict flowpaths.

Groundwater leaving the northern
property boundary of the FMC Subarea
meets MCLs; process would create
additional liquid streams requiring
further treatment and disposal.

Groundwater leaving the northern
property boundary of the FMC Subarea
meets MCLs; process would create
additional liquid streams requiring
further treatment and disposal.

FS/t52_4 5.doc June 1996



TABLE 5.2-4 (Continued)
Screening of Remedial Technologies - Groundwater

Technologies Not Retained

Thermal

Mechanical evaporation

Physical/chemical

Chemical injection

Effective for concentrating Moderately difficult,
dissolved metals and inorganics in
conjunction with other processes.

Potentially effective for metals. Difficult.

High capital, Not cost effective for treatment of large
high O&M. streams. Considered for treatment of

brine streams from ion exchange and
reverse osmosis, which are not being
evaluated further.

Moderate Oroundwater leaving the northern
capital, high property boundary of the FMC Subarea
O&M. meets MCLs; difficult to predict or

control flow paths for effective
application in complex geological
conditions; could produce other, more
toxic compounds by reaction with
constituents other than target
constituents.
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Thermal

Evaporation - Mechanical Evaporation. The mechanical evaporation option has been
described in Section 4.2.2.5 This option has high capital and high operation and
maintenance costs. It might be appropriate for treatment of small quantities of liquids,
such as the brine stream from ion exchange resin regeneration; however, ion exchange has
already been eliminated from further evaluation. Mechanical evaporation as a stand-alone
process is not appropriate for treatment of groundwater in the FMC Subarea. Therefore,
mechanical evaporation is eliminated from further evaluation.

In-situ Treatment

Physical/Chemical.

Chemical Injection. The in-situ physical/chemical option has been described in Section
4.2.2.6. Injection of chemicals is most effective for increasing the pH of a liquid to
precipitate constituents of potential concern, such as metals. This often causes additional
chemical reactions within the formation being treated, and may significantly reduce the
permeability of the zone being treated, making it much more difficult for groundwater to
flow through the formation. Predicting the direction of flow of the chemicals within the
formation, and more specifically the interstitial flow within the formation to determine the
effectiveness of the treatment can be difficult and inefficient. This technology has more
significant questions with respect to implementability than other .technologies evaluated,
and is not likely to be as cost-effective. This process is therefore eliminated from further
evaluation for the FMC Subarea.

5.2.2.2 Technologies Retained for Further Consideration

A summary of the processes retained for further development in Section 6 are shown in
Table 5.2-5.

No Action

The No Action option is being retained as it is required to be evaluated as a base case under
current CERCLA regulations for conducting feasibility studies.

No Further Action

The No Further Action option considers those actions taken at the site since the AOC was signed
(see Section 5.2.1.2).
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Institutional Controls

Monitoring.

Groundwater Monitoring. Groundwater monitoring can be an effective way of
evaluating groundwater quality over time. The number and location of monitoring wells,
constituents to be analyzed, and frequency of sampling need to be determined on the basis
of the remedial alternative selected.

Access Restrictions.

Access restrictions, consisting of fencing and deed restrictions, have been described in Section
4.2.2.2.

Fencing. The fencing option restricts the ability of humans, pets and other animals to
enter the FMC Subarea. Because the FMC plant is an operating facility, perimeter fencing
and security controls are already in place. By limiting access to the plant area, fencing
contributes to the reduction of risk by reducing the potential for exposure through direct
contact with constituents of potential concern; it does not reduce the toxicity, mobility, or
volume of the constituents. Short-term and long-term effectiveness are essentially the
same. Cost of this technology is low.

Deed Restrictions. The land use/deed restriction option is already in place for the FMC
Subarea, Deed restrictions for the FMC Subarea limit the current and future use of the
properties to industrial or commercial applications. Deed restrictions could be combined
with legally binding restrictions, such as restrictions prohibiting construction of wells for
drinking water within the shallow aquifer at the EMF facilities.

Containment

Capping.

Clay Cap and Asphaltic Concrete Cap. These capping options have been described in
Section 5.2.1.2. These capping options are being retained as they are protective and cost-
effective methods of reducing groundwater infiltration.

Surface Control.

Soil Grading. Grading has been described in Section 5.2.1.2. The grading option is being
retained as it is a protective and cost-effective method of reducing groundwater infiltration.

Vegetation. Vegetation has been described in Section 5.2.1.2. The vegetation option is
being retained since it is an effective means of reducing groundwater infiltration.
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TABLE 5.2-5
Screening of Remedial Technologies - Groundwater

Technologies Retained

PROCESS OFW>N ill
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:NO ACTION ; ;

No action

NO tfmtHm: ACTION i|i|
No further action

MMfarfcy
Groundwater monitoring

Access Restriction

Fencing

Deed restrictions

CONTAINMENT
Capping

Clay/native soil cap

Asphaltic concrete cap

AcMptablo for constituents that
meet ARARs and risk management
objectives.

Acceptable for constituents that
meet ARARs and risk management
objectives.

Effective in evaluating need for
remedial action, or effectiveness of
a remedial action.

Effective for reducing exposure
risks by limiting access to area.

Effective for reducing exposure
risks by limiting access to area and
types of activities which may be
performed within the property.

•(mmmi:,,,,, , ̂ y^. ;

Effective in reducing infiltration to
groundwater. Applicable to old
pond areas and calciner pond
sediment storage area.

Effective in reducing infiltration to
groundwater. Applicable to high
traffic areas.

l|liiiiiNTE î iSIIlliii

Not applicable.

Not applicable.

Straightforward.

Straightforward.

Straightforward.

Straightforward. Clay not available
locally; may want to consider
native soil enhanced with bentonite.

Straightforward.

,W mmm

None.

None.

Low capital,
low to moderate
O&M.

Low capital,
low O&M.

Low capital,
low O&M.

Use of native
soil is low
capital, low
O&M.

Low to
moderate
capital, low to
moderate O&M.

lipioNA m- •:; ; | jmrn w- m : ; m •

No further action may be appropriate
since groundwater leaving the northern
property boundary of the FMC Subarea
meets MCLs.

Monitoring may be used in conjunction
with no action or with other process
options.

The fencing is already in place.

The deed restrictions are already in
place.

Effective in reducing groundwater
infiltration.

Effective in reducing groundwater
infiltration.
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TABLE 5.2-5 (Continued)
Screening of Remedial Technologies - Groundwater

Technologies Retained

Smrftet Control

Soil grading

Vegetation

^J^O¥AI7ClS^Ajl!:lI

Extraction

Pumping

Recycle/Reuse

On-site recycle/reuse

:x:v.:::;:of-: " : " " - . ' : • • • ' : - . . : . : . • • - .

•EX-SITOTREATMiHi

Physical

Gravity Separation

'iii|i::

Effective in reducing infiltration to Straightforward,
groundwater and erosion.

Effective in reducing infiltration to Straightforward,
groundwater and erosion.

' ' ^^^^^^^•^••.•••: ••• ; || > ' . : . - . : ; . ' '

Effective for collection of impacted Straightforward,
groundwater, reducing groundwater
volume and mobility.

Effective for utilization of Moderate,
extracted groundwater.

• v '•'"• • • ' .•..-..; ;4':'::S:S:.::

Effective in conjunction with other Straightforward,
treatment technologies to remove
constituents of concern as
suspended solids.

'imvQw^im

Low capital,
low O&M.

Low capital,
low O&M.

Moderate
capital, low
O&M.

Low capital,
low O&M.

Low capital,
low O&M.

Effective in reducing groundwater
infiltration, especially in arid areas.

Effective in reducing groundwater
infiltration, aids in erosion control.

•-:•;; - ; . . . . ; : • : l . ^v ; : : . • ; • • • • • ; ' • : ; • ' : - : • ; ;'nh^-::-^o • •

Groundwater leaving the northern
property boundary of the FMC Subarea
meets MCLs; therefore, risk is low.
Some limited interception may be
appropriate.

Recycling of non-contact cooling water
already in use at the FMC Subarea; may
affect operations; will depend on water
quality.

Retained only for possible use in
conjunction with other treatment
options; ineffective as a stand alone
treatment technology.
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TABLE 5.2-5 (Continued)
Screening of Remedial Technologies - Groundwater

Technologies Retained

Physical (continued)

Mechanical Separation

Media Filtration

Adsorption - metal oxide

Chemical

Chemical precipitation

Oxidation/reduction

Effective in conjunction with other
treatment technologies to remove
constituents of concern as
suspended solids.

Effective in conjunction with other
treatment technologies to remove
constituents of concern as
suspended solids.

Effective in conjunction with other
treatment technologies to remove
constituents of concern.

Effective for removal of
constituents of concern

Effective for removal of some
inorganics. Considered for
pretreatment prior to ion exchange
or reverse osmosis.

Straightforward.

Straightforward.

Straightforward to moderate.

Low capital,
low O&M

Low capital,
low O&M

Moderate
capital,
moderate O&M.

Straightforward for low to medium Moderate
flows. capital, high

O&M

Straightforward. Moderate
capital, high
O&M.

Retained only for possible use in
conjunction with other treatment
options; ineffective as a standalone
treatment technology.

Retained only for possible use in
conjunction with other treatment
options; ineffective as a standalone
treatment technology.

Retained only for possible use in
conjunction with other treatment
options.

Effective for removal of arsenic and
selenium. Groundwater leaving the
northern property boundary of the FMC
Subarea meets MCLs; therefore, risk is
low.

Considered as pretreatment option in
conjunction with other process options.
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Removal/Disposal

Removal.

Pumping. Pumping of groundwater from selected locations could provide hydraulic
control of flow through a specific area, reducing the mobility and volume of impacted
groundwater. This option is being retained for further evaluation.

Discharge.

Recycle/Reuse. This is the preferred option for disposal, as it would be the most cost-
effective. The applicability of this option will depend on the plant's ability to use the
quantity and quality of water extracted.

Surface/POTW. These options will not be evaluated further for the FMC Subarea unless
the recycle/reuse option proves not to be feasible for the quantity and quality of
groundwater to be disposed.

Ex-situ Treatment

Physical.

Separation - Mechanical, Gravity. Media Filtration. The mechanical, gravity, and
media filtration options have been described in Section 4.2.2.5. While these separation
options alone would not be effective in treatment of the groundwater at the FMC Subarea,
they may potentially be applicable in conjunction with other treatment technologies, such
as chemical precipitation.

Adsorption - Metal Oxide. This option has been described in Section 4.2.2.5.
Adsorption using metal oxides was considered in conjunction with other processes, such as
chemical precipitation. This option will not be considered further as a stand-alone
treatment process, but may be considered in conjunction with other technologies.

Chemical.

Chemical Precipitation. The chemical precipitation option has been described in Section
4.2.2.5. This option has been retained and will be considered further. With the
appropriate chemical reagents, the treatment will attain MCLs for the constituents of
potential concern. The process does not create additional liquid streams for further
handling or disposal.
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Oxidation/Reduction. The chemical oxidation-reduction option has been described in
Section 4,2.2.5. Chemical oxidation-reduction was considered in conjunction with other
processes such as absorption or ion exchange, which may have required a pretreatment step
to alter the oxidation state of the constituents of potential concern. This option will not be
considered further as a stand-alone treatment process for the constituents of potential
concern, but may be considered in conjunction with other technologies.

A summary of potential exposure pathways, constituents of potential concern, and remedial action
objectives for groundwater, with the retained general response actions, remedial technologies, and
process options are provided in Table 5.2-6.
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TABLE 5.2-6
FMC Subarea - Summary of Groundwater Technologies Retained for Further Analysis

Potential Exposure
Pathways

Constituents of
Potential Concern

Remedial Action Objectives
General

Response Actions
Remedial

Technologies
Process Options Rationale

No action
Future Site Workers

Ingestion

Future Site Workers

Antimony, arsenic,
nitrate, thallium,
gross alpha,
gross beta, lead-210

Future Site Workers;

Prevent potential ingestion of groundwater with levels
of chemicals or radionuclides exceeding primary MCLs.

Where practicable, return usable groundwater to
beneficial uses to protect human health and the
environment.

No action

Institutional controls

Containment

Removal/Disposal

Ex-situ treatment

No action Not applicable

No action Not applicable

May be appropriate since groundwater leaving the
northern property boundary of the FMC Subarea meets
primary MCLs.

Monitoring Groundwater monitoring
Monitoring may be used in conjunction with no action
or with other process options.

Fencing

Access restrictions

Fencing is already in place. Restricts access by general
public and animals.

Deed restrictions
Deed restrictions are already in place. Restricts land
use to commercial/industrial uses.

Clay/native soils
Capping

Effective for reducing groundwater infiltration. Use of
native soils - low capital and low O&M costs.

Asphaltic concrete
Effective for reducing groundwater infiltration. Low to
moderate capital and O&M costs.

Soil grading
Surface control

Effective for reducing groundwater infiltration in arid
areas. Low capital and O&M costs.

Vegetation
Effective for reducing groundwater infiltration. Low
capital and O&M costs.

Extraction Pumping

Groundwater at northern property boundary of the FMC
Subarea meets MCLs; therefore, risk is low. Some
limited interception may be appropriate. Moderate
capital, low O&M costs.

Recycle/reuse On-site recycle/reuse
Recycling of non-contact cooling water already in use at
the FMC facility; may affect operations; will depend on
water quality. Low capital, low O&M costs.

Mechanical separation
Retained only for possible use in conjunction with other
treatment options; ineffective as a standalone treatment
technology. Low capital, low O&M cost.

Physical Media filtration
Retained only for possible use in conjunction with other
treatment options; ineffective as a standalone treatment
technology. Low capital, low O&M cost.

Adsorption - metal oxide
Retained only for possible use in conjunction with other
treatment options. Moderate capital, moderate O&M
cost.

Chemical
precipitation

Chemical

Effective for removal of arsenic and selenium.
Groundwater leaving the northern property boundary of
the FMC Subarea meets MCLs; therefore, risk is low.
Moderate capital, high O&M cost.

Oxidation/
reduction

Considered as a pretreatment option in conjunction with
other process options. Moderate capital, high O&M
cost.
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5.2.3 Air

This section summarizes the results of assembling and screening remedial technologies for air.
The criteria used for this level of screening are effectiveness, implementability, and relative costs.
These remedial technologies and process options have been evaluated in a two-step screening
process. The first step assessed the applicability of a particular remedial technology and process
option. Each alternative/option was evaluated based on conditions at the site and on the
constituents of potential concern. Those remedial technologies and process options that are not
appropriate or applicable were rejected. Those remedial technologies and process options that are
potentially applicable to the site are further assessed in this section in terms of their effectiveness
in achieving the remedial action objectives, ease of implementation, relative capital costs, and
operation and maintenance (O&M) costs in order to determine whether the process option is
retained for further development and evaluation in Section 6.

5.2.3.1 Technologies Eliminated from Further Consideration

A number of technologies and process options on the original list of possible alternatives were
eliminated from further consideration in Section 4 on the basis of site conditions and the
constituents of potential concern identified in the remedial investigation. The following are
descriptions of the technologies that have been eliminated from further consideration on the basis
of their evaluation against the effectiveness, implementability, and cost criteria. The reasons for
eliminating the technologies and process options are provided. The technologies and process
options eliminated in this screening step are summarized in Table 5.2-7.

Institutional Controls - Air Monitoring. An air monitoring program for NAAQS compliance is
already in operation in the Offsite Subarea. Some additional sampling and testing may be used to
evaluate ongoing operations and specific tasks or process modifications. However, based on
experience gained during the Remedial Investigation, routine air monitoring would not be a cost-
effective option in the FMC Subarea, and this option is therefore eliminated from further
consideration.

Institutional Controls - Access Restrictions. Access restrictions, traffic restrictions, and speed
controls for vehicles on plant roads and in other operating areas reduce fugitive dust emissions
from these surfaces. Traffic restrictions limit the use of vehicles in certain plant areas, reducing
disturbance of potentially contaminated soils and thereby reducing emission of fugitive
particulates. Reducing the speeds of onsite vehicles using speed limits also reduces the potential
for paniculate emissions from plant roads and other surfaces. Traffic restrictions and speed limits
have already been implemented within the FMC Subarea. In addition, extensive additional paving
of roads and other operating areas has been completed since the remedial investigation began.
Speed Limits and vehicle restrictions are periodically reviewed as part of FMC plant operations.
Therefore, this option is eliminated from further consideration.
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Institutional Controls - Preventive Measures. Preventive measures, such as site industrial
hygiene practices, site work rules, site industrial practices, dust control using surface wetting,
sweeping/vacuuming, and paving reduce the potential inhalation of constituents of potential
concern. FMC has paved approximately 5 miles (8 kms) of formerly unpaved roadways since
August 1993. In addition, approximately 200,000 square feet of formerly unpaved non-roadway
plant areas have been paved. Surface wetting and sweeping/vacuuming activities are routinely
conducted at the FMC facility. Site work rules also address inhalation of constituents of potential
concern through requirements for the use of respirators in specified work environments. Because
the control measures identified in this option are currently in place and are routinely practiced
within the FMC Subarea, this option is eliminated from further consideration.

Containment

Surface Control.

Soil Grading. Soil grading has been described in Section 5.2.1.2. The calciner pond
solids storage area has already been covered with native soil; therefore this alternative
would not be effective for reducing fugitive emissions of constituents of potential concern
in these areas. With the exception of Pond 10S, the inactive unlined pond areas (Ponds
1E-7E, 1S-7S, and 9S) have either been covered with slag, had other, active ponds
constructed above their former locations, or contain only minor quantities of residual
materials from former operations. As commonly occurs in arid regions, Pond 10S has
developed a surface "crust" similar to typical "desert pavement" which significantly
reduces fugitive emissions when the surface is left undisturbed. This option is eliminated
from further consideration for reducing fugitive emissions.

Vegetation. Vegetation has been described in Section 5.2.1.2: Vegetation is an effective
method for reducing fugitive emissions of constituents of potential concern. The use of
vegetation within the operating areas of the facility is impractical. As discussed in
alternative A-l above, many of the former pond areas have already been covered with slag
or had newer, active ponds constructed above their former locations. Areas covered with
slag are used as laydown areas or for materials and equipment storage. Additional soil
cover would be required to support vegetative growth in these areas. Therefore, this
option is eliminated from further consideration.
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TABLE 5.2-7
Screening of Remedial Technologies - Air

Technologies Not Retained

INSTITUTION A!,; CONTROLS:

Monitoring

Air Monitoring

Access Restrictions

Traffic Restriction

Speed Reduction

Preventive Measures

Surface Wetting

.Effective - air monitoring program Straightforward,
for NAAQS compliance already in
place in Offsite Subarea. No
additional air monitoring required.

Effective - no significant FMC Straightforward.
sources of constituents of potential
concern were identified for sources
of this type. FMC facility already
restricts traffic to the maximum
extent practicable.

Effective - no significant FMC Straightforward.
sources of constituents of potential
concern were identified for sources
of this type. FMC facility already
restricts vehicle speed to the
maximum extent practicable.

Effective - no significant FMC Straightforward.
sources of constituents of potential
concern were identified for sources
of this type. Surface wetting
already being done on facility roads
to the maximum extent practicable.

Low capital,
low to moderate
O&M.

Low capital,
low O&M.

Worker risk via inhalation pathway is
low; emissions from operating areas
already regulated under Clean Air Act.

Worker risk via inhalation pathway is
low; traffic restriction already in place.

Low capital,
low O&M.

Worker risk via inhalation pathway is
low; speed restrictions already in place.

Low capital,
low O&M.

Worker risk via inhalation pathway is
low; surface wetting already being done.
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TABLE 5.2-7 (Continued)
Screening of Remedial Technologies - Air

Technologies Not Retained

j^Sfiri^ONA^ CONTROLS
Preventive Measures (Continued)

Sweeping/vacuuming

Paving

Industrial practices/work rules

CONTAINMENT

Surface Control

Soil grading

Vegetation

Effective - no significant FMC Straightforward,
sources of constituents of potential
concern were identified for sources
of this type. Sweeping/vacuuming
already being done on facility roads
and selected other plant areas to the
maximum extent practicable.

Effective - no significant FMC Straightforward,
sources of constituents of potential
concern were identified for sources
of this type. Additional paving of 5
mi (8 km) of roads and 200,000 ft2

(18,580 m2) of active plant areas
recently completed.

Effective - no significant FMC Straightforward,
sources of constituents of potential
concern were identified for sources
of this type. Industrial
practices/work rules already in
place and is reviewed periodically.

Not effective - no significant FMC Straightforward,
sources of constituents of potential
concern were identified for sources
of this type.

Not effective - no significant FMC Straightforward,
sources of constituents of potential
concern were identified for sources
of this type.

::.<:0ST

Low capital,
low O&M.

Moderate
capital, low to
moderate
O&M.

Low capital,
low O&M.

' . : . . : : • . " ::: , ::. : :.:.'. :'.'. • . • '• .• • .•.'•: :

Low capital,
low O&M.

Low capital,
low O&M.

Worker risk via inhalation pathway is
low; sweeping/vacuuming already being
done.

Worker risk via inhalation pathway is
low; extensive additional paving of
roads and active plant areas recently
completed.

Worker risk via inhalation pathway is
low; industrial practices/work rules
already in place.

- .• • . - • • . - - . . . . • . • . • . . • : : . - ; : ' • • • :-:•/ .• • . :• :•:•:• -;• •: :-:• •
-:-:•:•:•'.•:•'•:-:-.-: - .;:;y.x::::::::-x-;.:::::::-:-'

Worker risk from fugitive emissions for
sources where this technology would be
applicable is low.

Worker risk from fugitive emissions for
sources where this technology would be
applicable is low.
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5.23.2 Technologies Retained for Further Consideration

A summary of the processes retained for further development in Section 6 are shown in Table
5.2-8.

No Action

The No Action option is being retained as it is required to be evaluated as a base case under
current CERCLA regulations for conducting feasibility studies.

No Further Action

The No Further Action option considers those actions taken at the site since the AOC was signed
(see Section 5.2.1.2).

A summary of potential exposure pathways, constituents of potential concern, and remedial action
objectives for air, with the retained general response actions, remedial technologies, and process
options are provided in Table 5.2-9.
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TABLE 5.2-8
Screening of Remedial Technologies - Air

Technologies Retained

mmmmmmmm

No action Acceptable for constituents that Not applicable.
meet ARARs and risk management
objectives.

None.

NO FURTHER ACTION

No further action Acceptable for constituents that Not applicable.
meet ARARs and risk management
objectives.

None. No further action may be appropriate
since air emissions from active plant
sources are regulated under the Clean
Air Act.
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TABLE 5.2-9
FMC Subarea - Summary of Air Technologies Retained for Further Analysis

Potential Exposure
Pathways

Current Site Workers;

Inhalation

Future Site Workers;

Inhalation

Constituents of
Potential Concern

Current Site Workers;

Cadmium, hexavalent
chromium, arsenic,
polonium-210

Future Site Workers:

Cadmium, hexavalent
chromium, arsenic,
polonium-210

Remedial Action Objectives

Current Site Workers;

Prevent the inhalation of cadmium, hexavalent
chromium, arsenic and polonium-210 at levels which
would result in an incremental cancer risk in excess of
the IxlO-6 to IxlO-'range.

Future Site Workers;

Prevent the inhalation of cadmium, hexavalent
chromium, arsenic and polonium-210 at levels which
would result in an incremental cancer risk in excess of
the IxlO-6 to IxlO-4 range.

General
Response Actions

No action

No further action

Remedial
Technologies

No action

No further action

Process Options

Not applicable

Not applicable

Rationale

Baseline condition for comparison.

Many actions have been taken to reduce potential
risk at site since AOC was signed.
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Section 6

Development and Screening of Alternatives

In Section 5, remedial technologies and process options were evaluated and screened based on
effectiveness, implementability, and cost. Only those remedial technologies and process options
that have been shown to meet the screening criteria have been retained. In Section 6, remedial
action alternatives are developed by assembling combinations of remedial technologies and
process options which were retained in the Section 5 screening process. The alternatives
developed will be directed towards the attainment of the remedial action objectives described in
Section 3. In addition to meeting the remedial action objectives, each alternative is required to
meet all applicable or relevant and appropriate requirements (ARARs).

Alternatives provide a range of options for comparison. A no-action alternative was retained for
comparison to other alternatives throughout the detailed analysis in Section 6. These alternatives
are then screened again for effectiveness, implementability, and relative cost

6.1 SOILS AND SOLIDS

Some of the soils and solids in the FMC Subarea may pose a potential health risk to current and
future workers. The constituents of potential concern include: arsenic, beryllium, cadmium,
fluoride, radon, and gamma radiation (from radionuclides in byproducts, waste piles, and
impacted soils). The risk pathways for current workers include potential ingestion and external
exposure to gamma radiation. For future workers, the risk pathways include potential ingestion,
inhalation (radon), and external exposure to gamma radiation.

The RI data indicate that unless there has been a sustained hydraulic head, constituents of
potential concern demonstrate little or no migration into native silts and clays. The data also
demonstrate that the only areas where concentrations of constituents of potential concern exceed
risk-based screening criteria are in the areas of former unlined ponds and waste storage areas.
The unlined ponds containing chemicals have been taken out of service. All active SWMUs are
regulated under RCRA. These SWMUs are monitored quarterly in accordance with FMC's
RCRA Part B permit application requirements. Current monitoring and investigations during the
RI indicate that these SWMUs are not currently sources of COPCs. However, in accordance
with the goals of the RCRA/CERCLA MOU, this FS considers alternatives that are designed to
achieve the requirements of not only CERCLA, but also the appropriate RCRA regulations.
Sections 7 and 8 will evaluate possible regulatory efficiencies and cost savings through
coordination of RCRA activities and CERCLA remedial actions.

In Sections 4 and 5, technologies for mitigating the risks from the impacted soils and solids were
identified and screened for appropriateness. The following were retained for soils and solids
after the screening process:

• No Action
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• No Further Action

• Institutional Controls

Fencing

- Deed Restrictions

Site Industrial Hygiene Practices

Site Work Rules and Construction Practices

• Containment

Surface Controls (soil grading and vegetation)

- Capping (native soils, asphaltic concrete, or mixed multilayer)

• Removal/Disposal (excavation and onsite secure landfill)

• Ex-situ Treatment (fixation/stabilization and onsite landfill)

These options are then utilized in developing alternatives. Separate alternatives are described for
the inactive unlined ponds and the inactive waste piles.

Inactive Unlined Pond Areas (Ponds 1S-7S, 1E-7E, 9S, and 10S)

• Alternative P-l: No Action.

• Alternative P-2: No Further Action.

• Alternative P-3: Institutional Controls.

• Alternative P-4: Institutional Controls and Containment (Surface Controls). Shape the
pond areas using slag and/or native soils to achieve a configuration that will prohibit
standing water and shed surface water, then vegetate with native grasses. Would reduce
potential exposure to external radiation if native soils are used.

• Alternative P-5a: Institutional Controls and Containment (Capping). Shape the pond areas
using slag and/or native soils to achieve a configuration that will prohibit standing water
and shed surface water, cap with native soils, then vegetate with native grasses. Would
reduce potential exposure to external radiation, and may reduce radon emissions.

• Alternative P-5b: Institutional Controls and Containment (Capping). Shape the pond areas
using slag and/or native soils to achieve a configuration that will prohibit standing water
and shed surface water, then cap with asphaltic concrete. Would reduce potential exposure
to external radiation, and may reduce radon emissions.
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• Alternative P-5c: Institutional Controls and Containment (Capping). Shape the pond areas
using slag and/or native soils to achieve a configuration that will prohibit standing water
and shed surface water, then cap with mixed (multilayer) cap. Would reduce potential
exposure to external radiation, and be likely to reduce radon emissions.

Inactive Waste Storage Areas (Former Calciner Pond Solids Storage Area)

• Alternative S-l: No Action.

• Alternative S-2: No Further Action.

• Alternative S-3: Institutional Controls.

• Alternative S-4: Institutional Controls and Containment (Surface Controls). Shape the
waste storage areas using slag and/or native soils to achieve a configuration that will
prohibit standing water and shed surface water, then vegetate with native grasses. May
reduce potential exposure to external radiation if native soils are used.

• Alternative S-5a: Institutional Controls and Containment (Capping). Shape the waste
storage areas using slag and/or native soils to achieve a configuration that will prohibit
standing water and shed surface water, then cap with native soils, and vegetate with native
grasses. May reduce potential exposure to external radiation.

• Alternative S-5b: Institutional Controls and Containment (Capping). Shape the waste
storage areas using slag and/or native soils to achieve a configuration that will prohibit
standing water and shed surface water, then cap with asphaltic concrete. May reduce
potential exposure to external radiation.

• Alternative S-5c: Institutional Controls and Containment (Capping). Shape the pond areas
using slag and/or native soils to achieve a configuration that will prohibit standing water
and shed surface water, then cap with mixed (multilayer) cap. Would reduce potential
exposure to external radiation, and would be likely to reduce radon emissions.

• Alternative S-6: Institutional Controls, Excavation and Removal. Excavate the waste
storage area and transport excavated material to a secure onsite landfill. May reduce
potential exposure to external radiation.

• Alternative S-7: Institutional Controls, Excavation and Removal, and Ex-situ Treatment
Excavate the waste storage area, treat the material by ex-situ stabilization/fixation, and
transport to an onsite landfill. May reduce potential exposure to external radiation.

6.1.1 Alternatives Development

Each alternative is described in more detail and compliance with the remedial action objectives
is discussed. Alternatives P-l, P-2, P-3, P-4, P-5a, 5b and P-5c are the same as Alternatives S-l,
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S-2, S-3, S-4, S-5a, S-5b and S-5c respectively, except the latter are applied to the former
calciner pond solids storage area; therefore, these six alternatives will not be discussed
separately.

Alternative P-l: No Action

Alternative P-l, the No Action alternative, is presented here because it must be considered under
provisions of the National Contingency Plan (NCP). This alternative is a baseline to which all
other alternatives are compared. It will be retained for comparison to other alternatives
throughout the detailed analysis in Section 6.

Under P-l, the following are assumed:

• The FMC plant continues in operation; and

• No remedial actions of any kind are undertaken.

The No Action alternative is retained to provide a baseline for comparison with other
alternatives. Under the No Action alternative, there would be no reduction in the potential
health risk posed to current and future workers from soils and solids at the FMC Subarea.

Alternative P-2: No Further Action

Under P-2, the following are assumed:

• The FMC plant continues in operation; and

• No additional remedial actions beyond those already completed since the AQC was signed
are undertaken.

Under the No Further Action alternative, there would be no further reduction in the potential
health risk posed to current and future workers from soils and solids at the FMC Subarea.

Alternative P-3: Institutional Controls

This alternative would rely solely on the use of institutional controls to achieve the remedial
action objectives. Institutional controls are available to minimize human health risks for current
workers and future site workers.

Institutional controls include:

• Site access restrictions (fencing and security)

• Site industrial hygiene practices
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• Site employee medical surveillance

• Site work rules

• Site construction practices

• Deed Restrictions

Institutional controls are described in detail in Section 5. All of these controls are currently in
place.

The institutional controls listed above, when applied together will satisfy the RAOs for current
site workers and future site workers. These controls have been evaluated for effectiveness,
implementability, and cost in Section 5, and are described in the following text.

One of the main functions of institutional controls is to limit site access. The site perimeter
fencing and site 24-hour security limit site access to only site employees or other persons that
have official business at the site. The fencing also restricts access to the site by pets or other
animals. These controls are successful and widely accepted methods of controlling site access.
They are sufficient to prevent unauthorized access to the site and consequently, to prevent
anyone other than site workers being exposed to impacted soils and solids.

In addition to access limitations, FMC has an extensive, OSHA-compliant industrial hygiene
program which includes worker (both employees and contractors) site-specific training, routine
personal exposure monitoring, and routine medical surveillance. FMC has both site work rules
and construction practices in place. These rules require site workers to wear protective clothing
and appropriate personal protective equipment when working outside the office areas, and to
wear respiratory protection when conducting certain tasks where exposure to site-related
constituents is a concern.

FMC currently has deed restrictions in place for all of the FMC Subarea properties which limits
the properties to industrial/commercial use. To address potential exposure to radon, additional
deed restrictions or deed notices, and possibly zoning restrictions may be required. This will be
addressed in Sections 7 and 8.

Alternative P-4: Institutional Controls and Containment (Surface Controls)

This alternative combines institutional controls and surface controls (grading) for former Ponds
1S-7S, 1E-7E, 9S, and 10S. Institutional controls are described in Alternative P-3. Surface
controls would be constructed over the former ponds to divert rainfall and run-on, and prevent
the accumulation of standing water. The controls would include the placement of slag and/or
native soils over the ponds to form a sloped area with a cover of native grasses to control
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erosion. Channels and swales would be constructed to divert run-on and to channel runoff away
from these areas.

The surface cover used for drainage control would provide protection against ingestion of
impacted soils by preventing worker exposure. Prevention of infiltration would reduce the
potential for mobilizing the constituents of potential concern in the soils and solids in the former
pond areas. If native soils are used, the surface cover would reduce the potential exposure to
external radiation.

Alternative P-5a: Institutional Controls and Containment (Native Soils Capping)

This alternative combines institutional controls and capping for former Ponds 1S-7S, 1E-7E, 9S,
and 10S using native soils. Institutional controls are described in Alternative P-2. Caps would
be constructed over the ponds to provide containment of impacted soils and solids containing
constituents of potential concern, and to prevent both current and future site worker exposure to
the impacted materials. The caps would also be constructed to divert rainfall and run-on, and
prevent the accumulation of standing water. The caps would include the placement of slag
and/or native soils over the ponds to form a raised area with an appropriate slope for drainage.
Compacted native soils would then be placed on top to form the cap, and native grasses would
be planted to control erosion. Channels and swales would be constructed to divert run-on and to
channel runoff away from these areas. A native soil cap would reduce potential exposure to
external radiation and may reduce radon emissions.

As stated in Alternative P-3, the institutional controls by themselves meet the remedial action
objectives. However, the placement of caps over inactive ponds 1S-7S, 1E-7E, 9S, and 10S
would provide additional protection for current and future site workers by removing the dermal
contact and inhalation exposure pathways.

Alternative P-5b: Institutional Controls and Containment (Asphaltic Concrete Capping)

This alternative combines institutional controls and placement of asphaltic concrete caps for
former Ponds 1S-7S, 1E-7E, 9S, and 10S. Institutional controls are described in Alternative P-3.
Caps would be constructed over the ponds to provide containment of impacted soils and solids
containing constituents of potential concern, and to prevent both current and future site worker
exposure to the impacted materials. The caps would also be constructed to divert rainfall and
run-on, and prevent the accumulation of standing water. The caps would include the placement
of slag and/or native soils over the ponds to form a raised area with an appropriate slope for
drainage. The asphaltic concrete cap, consisting of base course and asphaltic concrete, would
then be placed over this surface. An asphaltic concrete cap would reduce potential exposure to
external radiation and may reduce radon emissions.
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As stated in Alternative P-3, the institutional controls by themselves meet the remedial action
objectives. However, the placement of caps over inactive Ponds 1S-7S, 1E-7E, 9S, and 10S
would provide additional protection for current and future site workers by removing the dermal
contact and inhalation exposure pathways.

Alternative P-5c: Institutional Controls and Containment (Mixed Multilayer Capping)

This alternative combines institutional controls and placement of mixed multilayer caps for
former Ponds 1S-7S, 1E-7E, 9S, and 10S. Institutional controls are described in Alternative P-3.
Caps would be constructed over the ponds to provide containment of impacted soils and solids
containing constituents of potential concern, and to prevent both current and future site worker
exposure to the impacted materials. The caps would also be constructed to divert rainfall and
run-on, and prevent the accumulation of standing water. The caps would include the placement
of slag and/or native soils over the ponds to form a raised area with an appropriate slope for
drainage. The mixed multilayer cap, consisting of a bedding layer, a geomembrane, a leachate
collection layer, and a protective surface cover layer would then be placed over this surface. A
mixed multilayer cap would reduce potential exposure to external radiation, and would likely
reduce radon emissions.

As stated in Alternative P-3, the institutional controls by themselves meet the remedial action
objectives. However, the placement of caps over inactive Ponds 1S-7S, 1E-7E, 9S, and 10S
would provide additional protection for current and future site workers by removing the dermal
contact and inhalation exposure pathways.

Alternative S-6: Institutional Controls, Excavation and Removal

This alternative combines institutional controls with removal of solids stored in the former
calciner pond solids storage area and the onsite disposal of those solids in a secure landfill.
Institutional controls are described in Alternative P-3.

The former calciner pond solids storage area contains about 20,000 cubic yards of solids
removed from former calciner Ponds 1C and 2C. These solids have concentrations of arsenic,
beryllium, cadmium, and fluoride which exceed risk-based screening criteria. This alternative
assumes that these pond solids would be removed from their present storage area and disposed of
in an onsite landfill. Since this alternative does not require the treatment of these solids, a secure
landfill is assumed to be constructed, suitable for the disposal of these solids with the
constituents of potential concern at the concentrations indicated by the RI data. Excavation and
removal of soils in the calciner pond solids storage area may reduce potential exposure to
external radiation.
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Alternative S-7: Institutional Controls, Excavation and Removal, and Ex situ Treatment

This alternative combines institutional controls with removal and fixation/stabilization of the
solids stored in the former calciner pond solids storage area and the onsite disposal of those
treated solids. Institutional controls are described in Alternative P-3.

The former calciner pond solids storage area contains about 20,000 cubic yards of pond solids
from former calciner Ponds 1C and 2C. These solids have concentrations of arsenic, beryllium,
cadmium, and fluoride which exceed risk-based screening criteria. This alternative assumes that
these pond solids would be removed from their present storage area and treated ex-situ using
Portland cement fixation/stabilization techniques. The goal of the treatment is to produce a
treated material that meets TCLP criteria for arsenic, beryllium, cadmium, fluoride, and
selenium. The treated material would then be disposed of in an onsite landfill. Since the solids
would be treated, a secure landfill design is not required for this alternative. Excavation,
removal, and treatment of soils in the calciner pond solids storage area may reduce potential
exposure to external radiation.

6.1.2 Alternative Evaluation

In this section, each alternative is evaluated for effectiveness, implementability, and cost.

Alternative P-l: No Action

This alternative addresses former Ponds 1S-7S, 1E-7E, 9S, and 10S.

Effectiveness. With the exception of former Pond 10S, and some portions of former ponds
adjacent to newer operating ponds, these former ponds have been covered and there is little
potential for ingestion of impacted soils and solids. As stated earlier, the BRA indicates that
with the exception of the risk associated with external exposure to gamma radiation, current
worker risk for ingestion of soils is within the 10"* to 10"* incremental cancer risk target levels of
the NCP. Additionally, background external gamma radiation levels are similar to levels within
the FMC Subarea.

Implementability. The No Action alternative is easily implementable and technically feasible.

Cost. There are no additional costs associated with this alternative.
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Alternative P-2: No Further Action

As noted in Section 5, a number of site actions have been taken since the remedial investigations
for soils and solids were completed in 1993. These actions, which should be considered in
evaluating the no further action alternative, include:

• Covering and dewatering Pond 8S, a formerly utilized unlined pond, during the summer of
1994.

• Partial lining of the railroad swale, an area which receives runoff from the operating
facUities areas of the plant.

• Placing new pond 16S in service in 1993. This pond, a RCRA SWMU built to meet MTR
requirements, was placed in service in 1993.

• Changing the use of Ponds 8E and 9E to manage only non-hazardous precipitator slurry.

• Paving approximately 5 miles (8 km) of formerly unpaved roadways and approximately
200,000 square feet of formerly unpaved non-roadway plant areas since August 1993.

• Constructing and placing in operation in 1993 a new lined calciner pond solids
management area.

Effectiveness. With the exception of former Pond 10S, and some portions of former ponds
adjacent to newer operating ponds, these former ponds have been covered and there is little
potential for ingestion of impacted soils and solids. As stated earlier, the BRA indicates that
with the exception of the risk associated with external exposure to gamma radiation, current
worker risk for ingestion of soils is within the 10"* to 10"" incremental cancer risk target levels of
the NCP. Additionally, background external gamma radiation levels are similar to levels within
the FMC Subarea.

ImplementabiUty. The No Further Action alternative is easily implementable and technically
feasible because no additional action is required. This alternative could be implemented alone or
in conjunction with other alternatives.

Cost. There are no additional costs associated with this alternative.

Alternative P-3: Institutional Controls

This alternative addresses former Ponds 1S-7S, 1E-7E, 9S, and 10S.

Effectiveness. This alternative meets the RAOs for soils and solids for the former ponds area.
With the exception of former Pond 10S, and some portions of former ponds adjacent to newer
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operating ponds, these former ponds have been covered and there is little potential for ingestion
of impacted soils and solids. As stated earlier, the BRA indicates that with the exception of the
risk associated with external exposure to gamma radiation, current worker risk for ingestion of
soils is within the 10"* to 10"4 incremental cancer risk target levels of the NCP. Additionally, -
background external gamma radiation levels are similar to levels within the FMC Subarea.

This discussion does not evaluate the effectiveness of this alternative for the groundwater
pathway. Refer to Section 6.2 for discussion of the relative effectiveness for the groundwater
pathway.

Implementability. The Institutional Controls alternative is easily implementable and technically
feasible because the additional remedial action measures (institutional controls) required are
already in place. This alternative could be implemented alone, or in conjunction with other
alternatives.

Cost. Institutional controls, including deed restrictions are already in place. There are no
additional costs associated with this alternative.

Alternative P-4: Institutional Controls and Containment (Surface Controls)

This alternative addresses former Ponds 1S-7S, 1E-7E, 9S, and 10S.

Effectiveness. This alternative meets the RAOs for soils and solids for the former ponds area.
With the exception of former Pond 10S, and some portions of former ponds adjacent to newer
operating ponds, these former ponds have been covered and there is little potential for ingestion
of impacted soils and solids. As stated earlier, the BRA indicates that with the exception of the
risk associated with external exposure to gamma radiation, current worker risk for ingestion of
soils is within the 10"* to 10"4 incremental cancer risk target levels of the NCP. If native soils are
used, the surface cover would reduce the potential exposure to external radiation. The cover
required for shaping and grading of the surface for drainage control would provide protection
against direct contact and ingestion of soils and solids, and reduce the potential for infiltration of
surface water runoff into the impacted soils and solids.

This discussion does not evaluate the effectiveness of this alternative for the groundwater
pathway. Refer to Section 6.2 for discussion of the relative effectiveness for the groundwater
pathway.

Implementability. The Institutional and Surface Controls alternative is more difficult to
implement than the No Action, No Further Action, or Institutional Controls alternatives. The
alternative is technically feasible; the option of covering and grading for surface control are
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proven and accepted remedial actions. This alternative could be implemented alone, or in
conjunction with other alternatives.

Cost. Capital cost for implementation of this alternative is low and operating and maintenance
costs are also low.

Alternative P-5a: Institutional Controls and Containment (Capping with Native Soils)

This alternative addresses former Ponds 1S-7S, 1E-7E, 9S, and 10S.

Effectiveness. This alternative meets the RAOs for soils and solids for the former ponds area.
With the exception of former Pond 10S, and some portions of former ponds adjacent to newer
operating ponds, these former ponds have been covered and there is little potential for ingestion
of impacted soils and solids. As stated earlier, the BRA indicates that with the exception of the
risk associated with external exposure to gamma radiation, current worker risk for ingestion of
soils is within the 10"* to 10"* incremental cancer risk target levels of the NCP. A native soil cap
would reduce potential exposure to external radiation and may reduce radon emissions. The
cover required for shaping and grading of the surface for drainage followed by capping with
native soils would provide additional protection against direct contact and ingestion of soils and
solids, and reduce the potential for infiltration of surface water runoff into the impacted soils and
solids.

This discussion does not evaluate the effectiveness of this alternative for the groundwater
pathway. Refer to Section 6.2 for discussion of the relative effectiveness for the groundwater
pathway.

ImpkmentabiUty. The Institutional and Source Controls alternative is more difficult to
implement than the No Action, No Further Action, or Institutional Controls alternatives. The
alternative is technically feasible; the option of grading and capping for containment and source
control are proven and accepted remedial actions. This alternative could be implemented alone
or in conjunction with other alternatives.

Cost. Capital cost for implementation of this alternative is low, and operating and maintenance
costs are low.

Alternative P-5b: Institutional Controls and Containment (Capping with Asphaltic
Concrete)

This alternative addresses former Ponds 1S-7S, 1E-7E, 9S, and 10S.
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Effectiveness. This alternative meets the RAOs for soils and solids for the former ponds area.
With the exception of former Pond 10S, and some portions of former ponds adjacent to newer
operating ponds, these former ponds have been covered and there is little potential for ingestion
of impacted soils and solids. As stated earlier, the BRA indicates that with the exception of the
risk associated with external exposure to gamma radiation, current worker risk for ingestion of
soils is within the 10'6 to 10"41 incremental cancer risk target levels of the NCP. An asphaltic
concrete cap would reduce potential exposure to external radiation, and may reduce radon
emissions. The cover required for shaping and grading of the surface for drainage followed by
capping with asphaltic concrete would provide additional protection against direct contact and
ingestion of soils and solids, and reduce the potential for infiltration of surface water runoff into
the impacted soils and solids.

This discussion does not evaluate the effectiveness of this alternative for the groundwater
pathway. Refer to Section 6.2 for discussion of the relative effectiveness for the groundwater
pathway.

ImplementabiUty. The Institutional and Source Controls alternative is more difficult to
implement than the No Action, No Further Action, or Institutional Controls alternatives. The
alternative is technically feasible; the option of grading and capping for containment and source
control are proven and accepted remedial actions. This alternative could be implemented alone,
or in conjunction with other alternatives.

Cost. Capital costs for implementation of this alternative is low to moderate, and operating and
maintenance costs are moderate.

Alternative P-5c: Institutional Controls and Containment (Capping with Mixed
Multilayer Cap)

This alternative addresses former Ponds 1S-7S, 1E-7E, 9S, and 10S.

Effectiveness. This alternative meets the RAOs for soils and solids for the former ponds area.
With the exception of former Pond 10S and some portions of former ponds adjacent to newer
operating ponds, these former ponds have been covered and there is little potential for ingestion
of impacted soils and solids. As stated earlier, the BRA indicates that with the exception of the
risk associated with external exposure to gamma radiation, current wo±er risk for ingestion of
soils is within the 10"* to 10"* incremental cancer risk target levels of the NCP. A mixed
multilayer cap would reduce potential exposure to external radiation and would likely reduce
radon emissions. The cover required for shaping and grading of the surface for drainage
followed by capping materials would provide additional protection against direct contact and
ingestion of soils and solids, and reduce the potential for infiltration of surface water runoff into
the impacted soils and solids.
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This discussion does not evaluate the effectiveness of this alternative for the groundwater
pathway. Refer to Section 6.2 for discussion of the relative effectiveness for the groundwater
pathway.

Implementability. The Institutional and Source Controls alternative is more difficult to
implement than the No Action, No Further Action or Institutional Controls alternatives. The
alternative is technically feasible; the option of grading and capping for containment and source
control are proven and accepted remedial actions. This alternative could be implemented alone,
or in conjunction with other alternatives.

Cost. Capital costs for implementation of this alternative is moderate, and operating and
maintenance costs are low.

Alternative S-l: No Action

This alternative addresses the former calciner pond solids storage area.

Effectiveness. The soils and solids of the former calciner pond solids storage area have been
covered with soil, and there is little potential for ingestion of impacted soils and solids. As
stated earlier, the BRA indicates that with the exception of the risk associated with external
exposure to gamma radiation, current worker risk for ingestion of soils is within the 10"6 to 10"4

incremental cancer risk target levels of the NCP. This alternative does not affect external
gamma radiation exposure.

Implementability. The No Action alternative is easily implementable and technically feasible.

Cost. There are no additional costs associated with this alternative.

Alternative S-2: No Further Action

This alternative addresses the former calciner pond solids storage area.

Effectiveness. The soils and solids of the former calciner pond solids storage area have been
covered with soil, and there is little potential for ingestion of impacted soils and solids. As
stated earlier, the BRA indicates that with the exception of the risk associated with external
exposure to gamma radiation, current worker risk for ingestion of soils is within the 10"* to 10"4

incremental cancer risk target levels of the NCP. This alternative does not affect external
gamma radiation exposure.
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ImplementabiUty. The No Further Action alternative is easily implementable and technically
feasible because no additional action is required. This alternative could be implemented alone or
in conjunction with other alternatives.

Cost. There are no additional costs associated with this alternative.

Alternative S-3: Institutional Controls

This alternative addresses the former calciner pond solids storage area.

Effectiveness. This alternative meets the RAOs for soils and solids for the former calciner pond
solids storage area. The soils and solids of the former calciner pond solids storage area have
been covered with soil, and there is little potential for ingestion of impacted soils and solids. As
stated earlier, the BRA indicates that with the exception of the risk associated with external
exposure to gamma radiation, current worker risk for ingestion of soils is within the 10"6 to 10"4

incremental cancer risk target levels of the NCP. This alternative does not affect external
gamma radiation exposure.

This discussion does not evaluate the effectiveness of this alternative for the groundwater
pathway. Refer to Section 6.2 for discussion of the relative effectiveness for the groundwater
pathway.

ImplementabiUty. The Institutional Controls alternative is easily implementable and technically
feasible because the additional remedial action measures (institutional controls) required are
already in place. This alternative could be implemented alone or in conjunction with other
alternatives.

Cost. Institutional controls, including deed restrictions, are already in place. With the possible
exception of any additional work rules, there are no additional costs associated with this
alternative.

Alternative S-4: Institutional Controls and Containment (Surface Controls)

This alternative addresses the former calciner pond solids storage area.

Effectiveness. This alternative meets the RAOs for soils and solids for the former calciner pond
solids storage area. The soils and solids of the former calciner pond solids storage area have
been covered with soil, and there is little potential for ingestion of impacted soils and solids. As
stated earlier, the BRA indicates that with the exception of the risk associated with external
exposure to gamma radiation, current worker risk for ingestion of soils is within the 10"* to 10"4
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incremental cancer risk target levels of the NCP. This alternative may reduce potential exposure
to external radiation because native soils have been used to cover the calciner pond solids.

This discussion does not evaluate the effectiveness of this alternative for the groundwater
pathway. Refer to Section 6.2 for discussion of the relative effectiveness for the groundwater
pathway.

Implementability. The Institutional and Source Controls alternative is more difficult to
implement than the No Action, No Further Action, or Institutional Controls alternatives. The
alternative is technically feasible; covering and grading for source control are proven and
accepted remedial actions. This alternative could be implemented alone or in conjunction with
other alternatives.

Cost. Capital cost for implementation of this alternative is low, and operating and maintenance
costs are also low.

Alternative S-5a: Institutional Controls and Containment (Capping with Native Soils)

This alternative addresses the former calciner pond solids storage area.

Effectiveness. This alternative meets the RAOs for soils and solids for the former calciner pond
solids storage area. The soils and solids of the former calciner pond solids storage area have
been covered with soil, and there is little potential for ingestion of impacted soils and solids. As
stated earlier, the BRA indicates that with the exception of the risk associated with external
exposure to gamma radiation, current worker risk for ingestion of soils is within the 10"* to 10"4

incremental cancer risk target levels of the NCP. This alternative may reduce potential exposure
to external radiation if native soils are used. Shaping and grading for drainage followed by
capping with native soils would provide additional protection against direct contact and
ingestion of soils and solids, and reduce the potential for infiltration of surface water runon onto
the impacted soils and solids.

This discussion does not evaluate the effectiveness of this alternative for the groundwater
pathway. Refer to Section 6.2 for discussion of the relative effectiveness for the groundwater
pathway.

Implementability. The Institutional and Source Controls alternative is more difficult to
implement than the No Action, No Further Action, or Institutional Controls alternatives. The
alternative is technically feasible; grading and capping for containment and source control are
proven and accepted remedial actions. This alternative could be implemented alone or in
conjunction with other alternatives.
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Cost. Capital cost for implementation of this alternative is low, and operating and maintenance
costs are also low.

Alternative S-5b: Institutional Controls and Containment (Capping with Asphaltic
Concrete)

This alternative addresses the former calciner pond solids storage area.

Effectiveness. This alternative meets the RAOs for soils and solids for the former calciner pond
solids storage area. The soils and solids of the former calciner pond solids storage area have
been covered with soil, and there is little potential for ingestion of impacted soils and solids. As
stated earlier, the BRA indicates that with the exception of the risk associated with external
exposure to gamma radiation, current worker risk for ingestion of soils is within the 10"* to 10"4

incremental cancer risk target levels of the NCP. This alternative may reduce potential exposure
to external radiation. Shaping and grading for drainage followed by capping with asphaltic
concrete would provide additional protection against direct contact and ingestion of soils and
solids, and reduce the potential for infiltration of surface water runoff into the impacted soils and
solids.

This discussion does not evaluate the effectiveness of this alternative for the groundwater
pathway. Refer to Section 6.2 for discussion of the relative effectiveness for the groundwater
pathway.

ImplementabUity. The Institutional and Source Controls alternative is more difficult to
implement than the No Action, No Further Action, or Institutional Controls alternatives. The
alternative is technically feasible; grading and capping for containment and source control are
proven and accepted remedial actions. This alternative could be implemented alone or hi
conjunction with other alternatives.

Cost. Capital cost for implementation of this alternative is moderate, and operating and
maintenance costs are low to moderate.

Alternative S-5c: Institutional Controls and Containment (Capping with Mixed
Multilayer Cap)

This alternative addresses the former calciner pond solids storage area.

Effectiveness. This alternative meets the RAOs for soils and solids for the former calciner pond
solids storage area. The soils and solids of the former calciner pond solids storage area have
been covered with soil, and there is little potential for ingestion of impacted soils and solids. As
stated earlier, the BRA indicates that with the exception of the risk associated with external
exposure to gamma radiation, current worker risk for ingestion of soils is within the 10"6 to W*
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incremental cancer risk target levels of the NCP. A mixed multilayer cap would reduce potential
exposure to external radiation and would likely reduce radon emissions. The cover required for
shaping and grading of the surface for drainage followed by capping materials would provide
additional protection against direct contact and ingestion of soils and solids, and reduce the
potential for infiltration of surface water runoff into the impacted soils and solids.

This discussion does not evaluate the effectiveness of this alternative for the groundwater
pathway. Refer to Section 6.2 for discussion of the relative effectiveness for the groundwater
pathway.

ImplementabUUy. The Institutional and Source Controls alternative is more difficult to
implement than the No Action, No Further Action, or Institutional Controls alternatives. The
alternative is technically feasible; the option of grading and capping for containment and source
control are proven and accepted remedial actions. This alternative could be implemented alone
or in conjunction with other alternatives.

Cost. Capital cost for implementation of this alternative is moderate, and operating and
maintenance costs are low.

Alternative S-6: Institutional Controls, Excavation and Removal

This alternative addresses the former calciner pond solids storage area.

Effectiveness. This alternative meets the RAOs for soils and solids for the former calciner pond
solids storage area. The soils and solids of the former calciner pond solids storage area have
been covered with soil, and there is little potential for ingestion of impacted soils and solids.
Excavation and disposal in a secured onsite landfill is an effective and proven method of
reducing the mobility of metals and other constituents in soils. This option does not affect the
volume or toxicity of these materials. As stated earlier, the BRA indicates that with the
exception of the risk associated with external exposure to gamma radiation, current worker risk
for ingestion of soils is within the 10"6 to 10"4 incremental cancer risk target levels of the NCP.

This alternative may reduce potential exposure to external radiation.

This discussion does not evaluate the effectiveness of this alternative for the groundwater
pathway. Refer to Section 6.2 for discussion of the relative effectiveness for the groundwater
pathway.

>

ImplementabUUy. The Excavation and Disposal alternative is more difficult to implement than
the No Action, No Further Action, Institutional Control, or Surface Control alternatives.
However, the alternative is technically feasible as the option is a proven and accepted
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technology. This alternative could be implemented alone or in conjunction with other
alternatives.

Cost. Capital cost for implementation of this alternative is moderate to moderately high, and
operating and maintenance costs are moderate.

Alternative S-7: Ex-Situ Stabilization/Fixation and Onsite Disposal

This alternative addresses the former calciner pond solids storage area.

Effectiveness. This alternative meets the RAOs for soils and solids for the former calciner pond
solids storage area. The soils and solids of the former calciner pond solids storage area have
been covered with soil, and there is little potential for ingestion of impacted soils and solids.
Stabilization/fixation is an effective and proven method of reducing the mobility of metals in
soils. As stated earlier, the BRA indicates that with the exception of the risk associated with
external exposure to gamma radiation, current worker risk for ingestion of soils is within the 10^
to 10"4 incremental cancer risk target levels of the NCP. This alternative may reduce potential
exposure to external radiation.

This discussion does not evaluate the effectiveness of this alternative for the groundwater
pathway. Refer to Section 6.2 for discussion of the relative effectiveness for the groundwater
pathway.

tmplementabttity. The Ex-situ Stabilization alternative is moire difficult to implement than the
No Action, No Further Action, Institutional Control, or Surface Control alternatives. However,
the alternative is technically feasible as ex-situ stabilization is a proven and accepted technology.
This alternative could be implemented alone or in conjunction with other alternatives.

Cost. Capital cost for implementation of this alternative is moderately high, and operating and
maintenance costs are low.

6.1.3 Screening Summary ..

A summary of the alternatives for soils and solids is shown in Table 6.1-1. As stated in Section
4.1.1, measured gamma radiation is not significantly above background levels, and are well
below levels which require worker protection programs under OSHA.

The lowest cost alternatives to clearly meet the RAOs (with the exception of the gamma
radiation issue) are Alternatives P-4 and S-4, Institutional Controls and Containment (Surface
Controls). Alternatives P-3/S-3 (Institutional Controls) also appear to satisfy the requirements of
the RAOs. The ex-situ stabilization alternative is the most expensive alternative. The
groundwater pathway is addressed is Section 6.2.
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TABLE 6.1-1
FMC Subarea • Summary of Alternatives for Soils and Solids

MEDIA

Soils and Solids

Soils and Solids

SITE AREA

FMC Subarea
Old Phossy Waste Ponds

FMC Subarea
Old Calciner Pond

Solids Storage Area

GENERAL RESPONSE ACTION

No Action

No Further Action

Institutional Controls

Containment

No Action

No Further Action

Institutional Controls

Containment

Removal/Disposal

Ex-situ Treatment

REMEDIAL TECHNOLOGY

No Action

No Further Action

Fencing
Deed Restrictions

Surface Controls

Capping

No Action

No Further Action

Fencing
Deed Restrictions

Surface Controls

Capping

Removal
Disposal

Physical

PROCESS OPTION

Soil Grading
Vegetation

Native Soils
Asphaltic concrete
Mixed (multilayer)

Soil Grading
Vegetation

Native Soils
Asphaltic concrete
Mixed (multilayer)

Excavation
Onsite

Stabilization/Fixation
(Portland Cement)

GENERIC REMEDIAL ALTERNATIVES

1. No Action

2. No Further Action

3. Institutional Controls

4. Institutional Controls, Surface Controls

5. Institutional Controls, Capping, Surface Controls

1. No Action

2. No Further Action

3. Institutional Controls

4. Institutional Controls, Surface Controls

5. Institutional Controls, Capping, Surface Controls

6. Institutional Controls, Excavation, Onsite Disposal

7. Institutional Controls, Excavation, Ex-situ Treatment,
Onsite Disposal

SPECIFIC REMEDIAL ALTERNATIVES

P-l. No Action.

P-2. No Further Action.

P-3. Institutional Controls.

P-4. Old Pond Areas (1S-7S, 1E-7E, 9S, 10S); Institutional Controls + shaping with
slag and/or native soils for surface controls + vegetation (native plants).

P-5a. Old Pond Areas (1S-7S, 1E-7E, 9S, 10S); Institutional Controls + shaping with
slag and/or native soils for surface controls + capping with native soils +
vegetation (native plants).

P-5b. Old Pond Areas (1S-7S, 1E-7E, 9S, 10S); Institutional Controls + shaping with
slag and/or native soils for surface controls + capping with asphaltic concrete.

P-5c. Old Pond Areas (1S-7S, 1E-7E, 9S, 10S); Institutional Controls + shaping with
slag and/or native soils for surface controls + capping with multilayer cap.

S-l. No Action.

S-2. No Further Action

S-3. Institutional Controls.

S-4. Institutional Controls + shaping with slag and/or native soils for surface controls
+ vegetation (native plants).

S-5a. Institutional Controls + shaping with slag and/or native soils for surface controls
+ capping with native soils + vegetation (native plants).

S-5b. Institutional Controls + shaping with slag and/or native soils for surface controls
+ capping with asphaltic concrete.

S-5c. Institutional Controls + shaping with slag and/or native soils for surface controls
+ capping with multilayer cap.

S-6. Institutional controls, excavation, onsite disposal in a secure landfill

S-7. Institutional controls, excavation, stabilization/ fixation with Portland cement,
onsite disposal
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6.2 GROUNDWATER

Groundwater in the shallow aquifer beneath the FMC Subarea has been impacted by site-related
constituents, and if current practices changed and water from some areas within this aquifer were
used for drinking water purposes, it could pose a potential health risk to future workers. Risk
calculations from the BRA indicate that the constituents of potential concern include arsenic,
selenium, nitrate, fluoride, manganese, sulfate, and radionuclides. The risk pathway is the
potential ingestion of drinking water from the shallow aquifer.

The RI data indicate that unless there has been a sustained hydraulic head, constituents of
potential concern demonstrate little or no migration through the native silts and clays into the
groundwater. Therefore, the primary sources of constituents of potential concern to the
groundwater were the former unlined ponds. All former unlined waste management ponds
within the FMC Subarea have been taken out of service. All ponds currently managing
hazardous wastes meet RCRA minimum technology requirements and are monitored quarterly in
accordance with FMC's RCRA Part B permit application requirements.

RI data have shown that groundwater impacts are highest in the vicinity of the unlined ponds and
decrease markedly down-gradient from these areas due to advective mixing and natural
attenuation. RI data have also shown that concentrations of site-related constituents of potential
concern in groundwater discharging from the FMC Subarea are routinely less than maximum
contaminant level (MCL) concentrations. The remedial action objectives for groundwater
requires the prevention of site worker (both present and future) ingestion of groundwater
containing levels of site related constituents of potential concern greater than the MCLs and to
the extent practicable, return of usable groundwater to beneficial uses to protect human health
and the environment.

In Sections 4 and 5, technologies for mitigating the risks from the impacted groundwater were
identified and screened for appropriateness. The following were retained for groundwater after
the screening process:

• No Action

• No Further Action

• Institutional Controls

Deed Restrictions

Monitoring

Site Industrial Hygiene Practices

- Land Use Restrictions
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Water Rights Restrictions/Well Installation Restrictions

• Containment

Surface Controls (soil grading and vegetation)

• Removal/Disposal (pumping and onsite recycle/reuse)

• Ex-situ Treatment (physical and chemical processes)

These technologies and process options were then utilized in developing the following
alternatives.

• Alternative G-l: No Action.

• Alternative G-2: No Further Action.

• Alternative G-3: Institutional Controls.

• Alternative G-4: Institutional Controls and Containment (Surface Controls). Shape the
pond areas using slag and/or native soils to achieve a configuration that will prohibit
standing water and shed surface water, and then vegetate with native grasses.

• Alternative G-5: Institutional Controls and Removal/Disposal. Groundwater pumping for
hydraulic control and onsite recycle/reuse

• Alternative G-6: Institutional Controls, Removal/Disposal and Ex-situ Treatment
Groundwater pumping for hydraulic control, treatment, and onsite recycle/reuse.

6.2.1 Alternatives Development

Each alternative is now described in more detail and compliance with the remedial action
objectives is discussed. As noted earlier, groundwater which leaves the northern property
boundary of the FMC Subarea meets MCLs. Risks indicated in the BRA are based entirely on
the possible future development of the shallow aquifer as a source of drinking water for future
workers.

Alternative G-l: No Action

Alternative G-l, the "no action" alternative, is presented here because it must be considered
under provisions of the NCP. The no action alternative is a baseline to which all other
alternatives are compared and will be retained for comparison to other alternatives throughout
the detailed analysis in Section 6.
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While there is groundwater in areas of the FMC Subarea that contain site-related constituents of
potential concern above the MCLs, the RAO for groundwater is still met for current workers as
the impacted groundwater is not used for drinking water. The drinking water used at the FMC
Subarea comes from the deeper aquifer. Additionally, the RI and RCRA groundwater
monitoring data show that the site-related constituents of potential concern routinely meet MCLs
at the northern property boundary.

Even with the No Action alternative, RCRA groundwater monitoring will be performed. The
sampling program is based on RCRA requirements and will use the existing RCRA groundwater
monitoring locations. The monitoring will provide a mechanism for evaluating how constituents
of potential concern are impacting the groundwater beneath the FMC Subarea and will also
monitor anticipated improvement in groundwater quality due to the recent closure of Pond 8S
and other site changes.

Alternative G-2: No Further Action

Under G-2, the following are assumed:

• The FMC plant continues in operation; and

• No remedial actions beyond those already completed since the AOC was signed are
undertaken.

Under the No Further Action alternative, there would be no further reduction in the potential
health risk posed to future workers from groundwater at the FMC Subarea.

As with the No Action alternative, RCRA groundwater monitoring will be performed. The
sampling program is based on RCRA requirements and will use the existing RCRA groundwater
monitoring locations. The monitoring will provide a mechanism for evaluating how constituents
of potential concern are impacting the groundwater beneath the FMC Subarea and will also
monitor anticipated improvement in groundwater quality due to the recent closure of Pond 8S
and other site changes.

Alternative G-3: Institutional Controls

Alternative G-3 addresses the potential concerns and issues of future uses of impacted
groundwater in the FMC Subarea through institutional controls. Alternative G-3 consists of
groundwater monitoring, deed restrictions, possible retention of water rights, and possible
regulatory controls on well drilling.
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Deed restrictions on the FMC properties which are already in place will limit their future use to
industrial activities and prevent other uses of the property (e.g., residential uses, agriculture). It
is also possible to retain water rights in some areas of the facility, making it unlikely impacted
groundwater could be withdrawn and used for drinking water supplies. Furthermore, the use of
administrative or other legally-binding restrictions on drilling and installation of wells within the
impacted areas of the FMC facility will be evaluated.

With the Institutional Controls alternative, groundwater monitoring would be used to provide
information necessary to evaluate the changes to the effects of site-related constituents of
potential concern on the groundwater beneath the FMC Subarea that may occur over time.
Monitoring will also provide data on the quality of the groundwater leaving the FMC Subarea
along the northern boundary. The groundwater monitoring program would be implemented
using appropriate existing groundwater monitoring wells. The sampling program would be
developed based on existing monitoring wells, and the data provided in the RI on constituents of
potential concern and their distribution throughout the site.

Alternative G-4: Institutional Controls and Containment (Surface Controls)

Currently, groundwater which leaves the northern property boundary of the FMC Subarea meets
MCLs. All former unlined waste management ponds within the FMC Subarea have been taken
out of service, and all existing, operating ponds which manage hazardous wastes meet RCRA
minimum technology requirements. All of the materials contained in the former, unlined ponds
are in the vadose zone (above the groundwater table).

Surface water controls would be constructed over the former waste management ponds to divert
rainfall and run-on, and prevent the accumulation of standing water. The controls would include
the placement of slag and/or native soils over the former ponds to form a sloped area with a
cover of native grasses to control erosion. Channels and swales would be constructed to divert
run-on and to channel runoff away from these areas.

The surface cover used for drainage control would provide protection against infiltration,
reducing the potential for mobilizing the constituents of potential concern in the soils and solids
in the former ponds areas. This alternative could be implemented alone or in conjunction with
other alternatives.

Alternative G-5: Institutional Controls, and Removal/Disposal (Groundwater Extraction
and Onsite Recycle/Reuse)

This alternative adds hydraulic control by extracting impacted groundwater and recycling it to
the FMC plant as makeup water in the IWW system. Wells would be strategically placed to
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intercept impacted groundwater at or near the facility fenceline, and extraction would be
controlled to minimize the extraction of groundwater that has not been impacted. An objective
of this alternative would be to return usable groundwater to beneficial uses, to the extent
practicable. The ability to recycle the water without treatment would depend on the quality and
quantity of water extracted and recycled. This alternative could be implemented alone, or in
conjunction with other alternatives.

Alternative G-6: Institutional Controls, Removal/Disposal and Ex-situ Treatment
(Groundwater Extraction, Ex-situ Treatment, and Onsite Recycle/Reuse)

This alternative would be similar to Alternative G-5, except that the water would be treated,
primarily by chemical precipitation, to meet industrial requirements prior to recycling to the
plant While there are other potential ex-situ treatment options available, chemical precipitation
has been selected as a representative option, since the single process is capable of removing all
the chemicals of potential concern which would exceed MCLs in the groundwater at the
extraction point

The groundwater extraction scheme would include wells located to optimize appropriate
hydraulic capture of flow in the shallow aquifer, based on flow direction and groundwater
chemistry. This provides containment of constituents of potential concern which exceed MCLs
without excessive pumping of groundwater that has not been impacted by facility operations.
An objective of this alternative would be to return usable groundwater to beneficial uses, to the
extent practicable. This alternative could be implemented alone or in conjunction with other
alternatives.

6.2.2 Alternative Evaluation

In this section, each alternative is evaluated for effectiveness, implementability, and cost

Alternative G-l: No Action

Effectiveness. This alternative meets the RAOs for current site workers, but may not meet the
RAOs for future site workers. This can only be evaluated at the time of the plant closure. As
noted earlier, groundwater which leaves the northern property.boundary of the FMC Subarea
(enters the Offsite Subarea) meets MCLs. Groundwater used for the drinking water supply
within the FMC Subarea is currently supplied from the deeper aquifer, and has not been
impacted by site activities. Data collected for the groundwater in the FMC Subarea indicate that
there are two main groundwater plumes in the shallow aquifer within the FMC Subarea. There
are no active sources of constituents of potential concern to groundwater within the FMC
Subarea; all former unlined ponds have been closed, and all ponds currently managing hazardous
wastes meet RCRA minimum technology requirements and incorporate groundwater monitoring.
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It is anticipated that groundwater quality within the FMC Subarea will improve over time, even
with no action beyond that already completed. The quality of groundwater in the shallow
aquifer which might be used as a drinking water supply for future workers cannot be determined
at this time due to anticipated improvement in groundwater quality by the time FMC ceases
operation of the existing facilities.

Implementability. The No Action alternative is easily implementable and technically feasible.

Cost. There are no costs associated with the No Action alternative.

Alternative G-2: No Further Action

As noted in Section 5, a number of site actions have been taken since the remedial investigations
for groundwater were completed in 1993. These actions, which should be considered in
evaluating the No Further Action alternative, include:

• Dewatering Pond 8S, a formerly utilized unlined pond, during the summer of 1994.

• Partial lining of the railroad swale, an area which receives runoff from the operating
facilities areas of the plant.

Placing new Pond 16S in service in 1993. This pond is a RCRA SWMU built to meet
MTR requirements.

• Changing the use of Ponds 8E and 9E to now manage only non-hazardous precipitator
slurry.

• Paving approximately 5 miles (8 km) of formerly unpaved roadways, and approximately
200,000 square feet of formerly unpaved non-roadway plant areas since August 1993.

• Constructing and placing in operation in 1993 a new lined calciner pond solids
management area,

Effectiveness. This alternative meets the RAOs for current site workers, but may not meet the
RAOs for future site workers; this can only be evaluated at the time of the plant closure. See
discussion of effectiveness under alternative G-l above.

Implementability. The No Further Action alternative is easily implementable and technically
feasible because no additional action is required. This alternative could be implemented alone or
in conjunction with other alternatives.

Cost. There are no additional costs associated with this alternative.
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Alternative G-3: Institutional Controls

Effectiveness. This alternative meets the RAOs for current site workers, but may not meet the
RAOs for future site workers; this can only be evaluated at the time of the plant closure. As
noted earlier, groundwater which leaves the northern property boundary of the FMC Subarea
(enters the Offsite Subarea) meets MCLs. Groundwater used for the drinking water supply
within the FMC Subarea is currently supplied from the deeper aquifer, and has not been
impacted by site activities.

Data collected for the groundwater at the FMC Site indicates that there are two main
groundwater plumes in the shallow aquifer within the FMC Subarea. There are no active
sources of constituents of potential concern to groundwater within the FMC Subarea. All former
unlined ponds have been closed, and all ponds currently managing hazardous wastes meet
RCRA minimum technology requirements and incorporate groundwater monitoring. It is
anticipated that groundwater quality within the FMC Subarea will improve over time, even with
no action beyond that already completed. The quality of groundwater in the shallow aquifer
which might be used as a drinking water supply for future workers cannot be determined at this
time due to anticipated improvement in groundwater quality by the time FMC ceases operation
of the existing facilities.

Deed restrictions currently in place limit the property use to industrial/commercial use. It may
also be possible to enact institutional or other legally-binding restrictions which would prohibit
drilling and operation of drinking water supply wells within the shallow aquifer at the FMC
Subarea, or within certain areas of the subarea where impacted groundwater is present.

ImplementabiUty. The Institutional Controls alternative is easily implementable and technically
feasible as no additional remedial action measures are required. The implementability of
regulatory controls is unknown.

Cost. The costs for the institutional controls alternative are low. There are no capital costs for
implementation of this alternative and operating and maintenance costs are low.

Alternative G-4: Institutional Controls and Containment (Surface Control)

Effectiveness. Institutional controls are discussed under alternative G-3. This alternative meets
the RAOs for current site workers, but may not meet the RAOs for future site workers; this can
only be evaluated at the time of the plant closure. With the exception of former Pond 10S, and
some portions of former ponds adjacent to newer operating ponds, the former ponds have been
removed or covered. Shaping and grading for drainage using slag and/or native soils would
reduce the potential for infiltration of surface water runoff into the impacted soils and solids.
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Groundwater which leaves the northern property boundary of the FMC Subarea meets MCLs.
Groundwater used for the drinking water supply within the FMC Subarea is currently supplied
from the deeper aquifer, and has not been impacted by site activities.

There are no active sources of constituents of potential concern to groundwater within the FMC
Subarea. All former unlined ponds have been closed, and all ponds currently managing
hazardous wastes meet RCRA minimum technology requirements and incorporate groundwater
monitoring. It is anticipated that groundwater quality within the FMC Subarea will improve
over time, even with no action beyond that already completed. The quality of groundwater in
the shallow aquifer which might be used as a drinking water supply for future workers cannot be
determined at this time due to anticipated improvement in groundwater quality by the time FMC
ceases operation of the existing facilities.

Implementabitity. Implementation of the Surface Control (grading) alternative is
straightforward.

Cost. Capital cost for implementation of this alternative is moderate and operating and
maintenance costs are low.

Alternative G-5: Institutional Controls and Removal/Disposal (Groundwater Extraction
and Onsite Recycle/Reuse)

Effectiveness. Institutional controls are discussed under alternative G-3. This alternative meets
the RAOs for current site workers, but may not meet the RAOs for future site workers; this can
only be evaluated at the time of the plant closure. Groundwater which leaves the northern
property boundary of the FMC Subarea meets MCLs. Groundwater used for the drinking water
supply within the FMC Subarea is currently supplied from the deeper aquifer, and has not been
impacted by site activities. It is anticipated that groundwater quality within the FMC Subarea
will improve over time, even with no action beyond that already completed. The quality of
groundwater in the shallow aquifer which might be used as a drinking water supply for future
workers cannot be determined at this time due to anticipated improvement in groundwater
quality by the time FMC ceases operation of the existing facilities.

Extraction with recycle and reuse would reduce the mobility and volume of impacted
groundwater. This alternative would also have the potential to return usable groundwater to
beneficial uses, to the extent practicable.

ImplementabiUty. The Groundwater Extraction and Recycle/Reuse alternative requires an
analysis of the quantity and quality of the water being extracted to determine the ability of the
FMC plant to use the water in the IWW non-contact cooling water system as makeup water.
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Cost. Capital cost for implementation of this alternative is low to moderate and operating and
maintenance costs are low to moderate.

Alternative G-6: Institutional Controls, Removal/Disposal and Ex-situ Treatment
(Groundwater Extraction, Ex-situ Treatment, and Onsite Recycle/Reuse)

Effectiveness. Institutional controls are discussed under alternative G-3. This alternative meets
the RAOs for current site workers, but may not meet the RAOs for future site workers; this can
only be evaluated at the time of the plant closure. Groundwater which leaves the northern
property boundary of the FMC Subarea (enters the Offsite Subarea) meets MCLs. Groundwater
used for the drinking water supply within the FMC Subarea is currently supplied from the deeper
aquifer, and has not been impacted by site activities. It is anticipated that groundwater quality
within the FMC Subarea will improve over time, even with no action beyond that already
completed. The quality of groundwater in the shallow aquifer which might be used as a drinking
water supply for future workers cannot be determined at this time due to anticipated
improvement in groundwater quality by the time FMC ceases operation of the existing facilities.

The extraction with ex-situ treatment, recycle and reuse alternative would reduce the mobility,
toxicity, and volume of impacted groundwater. This alternative would also have the potential to
return usable groundwater to beneficial uses, to the extent practicable.

Implementability. The Groundwater Extraction, Ex-situ Treatment, and Recycle/Reuse
alternative requires an analysis of the quantity and quality of the water being extracted to
determine the size treatment facility required. An analysis of the FMC plant's ability to use the
quantity and quality of treated water in the IWW non-contact cooling water system as make-up
water is also required.

Cost. Capital cost for implementation of this alternative is moderate to moderately high, and
operating and maintenance costs are moderate to moderately high.
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TABLE 6.2-1
FMC Subarea - Summary of Alternatives for Groundwater

MEDIA SITE AREA GENERAL RESPONSE ACTION REMEDIAL TECHNOLOGY PROCESS OPTION GENERIC REMEDIAL ALTERNATIVES SPECIFIC REMEDIAL ALTERNATIVES

Groundwater FMC Subarea

r

No Action

No Further Action

Institutional Controls

Containment

Removal/Disposal

Ex-situ Treatment

No Action

No Further Action

Fencing
Deed Restrictions
Water Rights/Drilling Restrictions
Monitoring

Surface Controls Soil Grading

Removal

Disposal

Chemical

Pumping

Recycle/Reuse

Chemical Precipitation

1. No Action

2. No Further Action

3. Institutional Controls

4. Institutional Controls, Surface Controls

5. Institutional Controls, Pumping for Hydraulic
Control, Recycle/Reuse

6. Institutional Controls, Pumping for Hydraulic
Control, Ex-situ Treatment, Recycle/Reuse

G-l. No action.

G-2. No further action.

G-3. Institutional controls (fencing and deed restrictions,
groundwater monitoring).

G-4. Institutional controls (fencing and deed restrictions,
groundwater monitoring) + shaping with slag and/or
native soils for surface drainage control.

G-5. Institutional controls (fencing and deed restrictions,
groundwater monitoring) + extraction for hydraulic
control, recycle to plant.

Ci-6. Institutional controls (fencing and deed restrictions,
groundwater monitoring) + extraction for hydraulic
control, treat by chemical precipitation, recycle to
plant.
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6.2.3 Screening Summary

A summary of the groundwater alternatives is shown in Table 6.2-1. All of the alternatives meet
RAOs for current site workers. It is not possible at this time to assess the potential impact of the
alternatives on future site workers, i.e., workers that conceivably could be employed at the FMC
plant site at a time when the current operation restrictions against use of the shallow aquifer and
any additional legal restrictions against such use might not be in effect. This can only be
evaluated at the time of the plant closure due to anticipated improvement in groundwater quality
by the time FMC ceases operation of the existing facilities.

6.3 AIR

As discussed in Section 4.3, risks to current and future workers within the FMC have been
estimated in the BRA due to inhalation of cadmium, hexavalent chromium, arsenic, and
polonium-210.

As discussed in Section 2, air emissions from the active FMC plant are regulated by the State of
Idaho in Air Permit 13-1260-0005. The plant permit includes emissions from ore
handling/crushing operations, calciners, various material handling systems, four electric arc
furnaces, electrostatic precipitators, a carbon monoxide flaring system, and the phos dock.
Additionally, FMC and the Shoshone-Bannock Tribes entered into an air quality agreement on
May 23, 1995, that also provides for regulation of these emissions. There are no significant
criteria pollutant emissions from non-permitted sources. Air emissions from active operations
are ultimately controlled by the Clean Air Act and specific applicable requirements.

In Sections 4 and 5, technologies for mitigating the risks from the air pathway were identified
and screened for appropriateness. The following were retained for air after the screening
process:

• No Action

• No Further Action

These technologies and process options were then utilized in developing the following
alternatives.

• Alternative A-1: No Action.

• Alternative A-2: No Further Action.
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63.1 Alternatives Development

Each alternative is now described in more detail and compliance with the remedial action
objectives is discussed.

Alternative A-l: No Action

Alternative A-l, the No Action alternative, is presented here because it must be considered under
provisions of the National Contingency Plan (NCP). The no action alternative is a baseline to
which all other alternatives are compared and will be retained for comparison to other
alternatives throughout the detailed analysis in Section 6.

While there are fugitive emissions in some areas of the FMC Subarea that contain site-related
constituents of potential concern, the RAO for air is still met for current workers. The BRA
assumed that future emissions would be the same as current emissions even though the facility
would not be operating. Actual risk to future workers from fugitive emissions would be
minimal.

Alternative A-2: No Further Action

Under A-2, the following are assumed:

• The FMC plant continues in operation; and

• No remedial actions beyond those already completed since the AOC was signed are
undertaken.

Under the No Further Action alternative, there would be no further reduction in the potential
health risk posed to future workers from fugitive air emissions within the FMC Subarea.

As with the No Action alternative, the RAO for air is met for current workers. The BRA
assumed that future emissions would be the same as current emissions even though the facility
would not be operating. Actual risk to future workers from fugitive emissions would be
minimal.

63.2 Alternative Evaluation

In this section, each alternative is evaluated for effectiveness, implementability, and cost.
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Alternative A-l: No Action

Effectiveness. The No Action alternative meets the RAOs for current site workers and would
also be likely to meet the RAOs for future site workers, since the FMC facility will not be
operating. However, the potential impact on future site workers can only be evaluated at the
time of the plant closure. In the BRA, risks to current site workers within the FMC Subarea
associated with the air pathway were indicated to range from 5.96E-06 to 1.79E-06 for chemical
carcinogens and 2.04E-05 to 6.11E-06 for radiological carcinogens. These risk levels are within
the l.OE-06 to l.OE-04 target incremental risk levels discussed in the NCP. As stated above, the
BRA assumed that future emissions would be the same as current emissions even though the
facility would not be operating. Actual risk to future workers from fugitive emissions would be
minimal.

ImplementabUity. The No Action alternative is easily implementable and technically feasible.

Cost. There are no costs associated with the No Action alternative.

Alternative A-2: No Further Action

As noted in Section 4.3.1, significant modifications to FMC operations have occurred since the
effective date of the AOC which was signed on May 30, 1991. The most significant changes
which have occurred at the FMC facility which affect the air pathway include:

• The John Zink scrubbers were placed in service in December 1991, in accordance with EPA's
radionuclide NESHAPS control technology requirements.

• Since August 1993, FMC has paved approximately 5 miles (8 km) of formerly unpaved
roadways. In addition, approximately 200,000 ft2 (18,580 m2) of formerly unpaved non-
roadway plant areas have been paved.

• Coke unloading was enclosed to control fugitive dust Dust from this operation is collected
and recycled to the process. This modification was placed in service in May 1995.

• Dust removed from baghouses during maintenance outages and previously landfilled is now
recycled to the process. This change was effective in July 1995.

• In August 1993, ventilation and dust collection for ore screening and crushing was improved
sufficiently that the requirement for respirators to be worn in the area was eliminated.

• Furnace tap hoods were modified for chill pits areas to improve collection of emissions from
slag and ferrophos tapping. These modifications were completed in phases from 1992 to
1995.
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Effectiveness. The No Further Action alternative meets the RAOs for current site workers, and
is likely to meet the RAOs for future site workers, since the FMC facility will not be operating.
However, the potential impact on future site workers can only be evaluated at the time of the
plant closure. (See discussion of effectiveness under alternative A-1 above.)

Implementabitity. The No Further Action alternative is easily implementable and technically
feasible because no additional action is required.

Cost. There are no additional costs associated with the No Further Action alternative.

63.3 Screening Summary

A summary of the air alternatives is shown in Table 6.3-1. The alternatives meet RAOs for
current site workers. It is not possible at this time to assess the potential impact of the
alternatives on future site workers (i.e., workers that conceivably could be employed at the FMC
plant site at a time when current site operations cease). This can only be evaluated at the time of
the plant closure, due to anticipated improvement in air quality at the time FMC ceases operation
of the existing facilities.

6.4 Identification of Alternatives for the FMC Subarea

The alternatives for soils and solids have been combined with the alternatives developed for
groundwater to provide a range of alternatives that address the areas and media of concern
within the FMC Subarea. These alternatives are shown in Table 6.4-1. These alternatives will
be evaluated against the nine evaluation criteria in Section 7.
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TABLE 63-1
FMC Subarea - Summary of Alternatives for Air

MEDIA

Air

SITE AREA

FMC Subarea

GENERAL RESPONSE ACTION

No Action

No Further Action

REMEDIAL TECHNOLOGY

No Action

No Further Action

PROCESS OPTION GENERIC REMEDIAL ALTERNATIVES

1 . No Action

2. No Further Action

SPECIFIC REMEDIAL ALTERNATIVES

A-l. No action.

A-2. No further action.

FSrtbl63_l.doc June 1996



FMC Subarea Section 6. Development and Screening of Alternatives

TABLE 6.4-1
Alternatives for the FMC Subarea

. General Response Action

Medium

Soil

Groundwater

Air

Technology Type

Access
Restrictions
(Fencing,
Deed Restrictions)

Surface Cover;
Soil and Vegetation

Capping -
Native Soils

Capping -
Asphaltic concrete

Capping -
Mixed (multilayer)

Excavation

Ex-Situ
Stabilization

Disposal
Onsite Landfill

Disposal Onsite
Secure Landfill

Monitoring

Extraction and
Recycle

Ex- situ
Treatment

NA

Area or Volume

Old Phossy Waste
Ponds

Old Calciner Pond
Solids

Old Phossy Waste
Ponds

Old Calciner Pond
Solids

Old Phossy Waste
Ponds

Old Calciner Pond
Solids

Old Phossy Waste
Ponds

Old Calciner Pond
Solids

Old Calciner Pond
Solids

Old Calciner Pond
Solids

Old Calciner Pond
Solids

Old Calciner Pond
Solids

NA

1
No

Action

2
No

Further
Action

-

3
Institutional

Controls

+

*

4
Surface

Controls;
Groundwater
Monitoring

*

•

+

+

5a
Source

Containment;
Groundwater
Monitoring

+

•

*

+

-

5b
Source

Containment;
Groundwater
Monitoring

•

+

•

•

5c
Source

Containment;
Groundwater
Monitoring

•

•

+ .

•

6a
Source

Containment;
Exacvation and Disposal

Groundwater
Monitoring

•

•

•

*

•

6b
Source

Containment;
Ex-situ Stabilization

Groundwater
Monitoring

•

+

+

+

+

+

7
Source

Containment;
Groundwater Extraction

ai'.d Recycle

*

4

i

•

+

+

8a
Source

Containment;
Ex-situ Stabilization

Groundwater Extraction
and Recycle

•

•

•

4

4

•

•

8b
Source

Containment;
Ex-situ Stabilization

Groundwater Extraction
and Treatment

•

4

4

•

4

4

4

4
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